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Mr. Gregory D. Fraley 
US EPA, Region IV 
345 Courtland St., N.E. 
~+1~"t~, GA 30365 

RE: Medley Site 
Cherokee County 

Dear Greg, 

Oren L. Brady, Jr. 
James A. Spruill. Jr. 

William H. Hester. M.D. 

November 15, 1984 

Enclosed are copies of three memos from the Department•s Ground-Water Protection 
Division to our Bureau. The memos are concerning the ground-water contamination at 
the Medley Site. The reason for bringing this to your attention is that the 
Department would like to request that the Medley Site be ranked using the HRS. EPA 
has already conducted an emergency action at the site to remove surface contamination. 
Mr. Jack Stonebraker of US EPA Region IV should have the necessary infonnation on 
Quantity and Toxicity of the waste removed from the site. During the clean-up 
(Jure-July, 1983), EPA made it known to DHEC that the site could not be ranked without 
some ground-water data. DHEC would now like to request that this sit~ be ranked and 
if possible, be included on the next NPL update. · 

If you would like to visit the site or review our files in more detail, please 
contact Chris Staton at (803) 758-5681. 

If you have any questions, please do not hesitate to call. 

j;lue""ry""","""'P. ...... -., Director 
Division of Site reening and 

Response Activities 
Bureau of Solid & Hazardous Waste Management ~ 

Attachments 

cc: Bill Buffington, Appalachia III District 
Grizelle Bennett, EPA-ERRS (attachments) 
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. ' South Carolina Department of Health 
and Environmental Control 

Bull Street 
Columb~. S.C. 29201 

Commluloner · 
Robcn S. Jackson, M.D. 

MEMORANDUM 

TO: Jim Ullery, P.E. 
Bureau of Solid and Hazardous Waste Management 

FROM: Suzanna M. Workman, Geologist ~ 
Ground-Water Protection Division 

RE: Private Well Analyses/Special Investigation 
Medley Drum Site 
Cherokee County 

DATE: November 14, 1983 

aoard 
Mosn H. Clarkson. Jr., Chairnun 

Leonard W. Doualas. M.D., Vite-CIIairm.an 
Barbara P. Nuessle, Secrear1 

Gerald A. Kayr.ard 
Oren L. Brady, Jr. 

James A. Spruill, Jr. 

The November 8, 1983 analyses (a copy of which you have received) of the four 
replicate samples collected from the referenced wells on September 12, 1983 have 
been reviewed. The replicate samples were collected to verify the previous analyses 
(contained in the Summary Report of Analytical Services (Project 1373) Resident 
Well Analysis by O.H. Materials Company dated July 29, 1983, see attached table) 
wh1ch found low concentrations of methylene chloride and total phenols in the 
referenced wells. 

The November 1983 analyses do not indicate the presence of volatile organic COfTl>ounds 
or total phenols in any of the private wells. Based on these findings, it is 
recommended that the well owners be informed in writing regarding the sample 
analyses. Also, it is recommended that one additional sampling round be conducted 
within the next six months, utilizing the same sampling parameters and procedures. 

SMW/km 

Attachment 

cc: Barney Harmon, Director 
Appalachia III District 

Bill Rowell, Engineer 
Bureau of Water Supply and Special Programs 
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Table 1. Table summar1z1ng organic analyses* of private 
well samples collected on June 27, 1983. 

Well 
Ovmer /Name Methylene Chloride (ppb) Total Phenol (ppb) 

Sprouse 14.0 0.175 

Sarrett 10.9 0.145 

Davis 16.2 0.130 

Pittman 15.3 <0 .05 

*- Ana1ytic?.1 work performed by O.H. Materials Co. 
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South Carolina Department of Health 

and Environmental Control 

Bull Street 
\..OUJmo:·aa, S.C. 29201 

Commiuionn 
Robcn S. Jatlr.son. M.D. 

MEMORANDUM 

Board 
Moses H. Clarkson. Jr., Ch.1irman 

Leonard W. DouaJas, M.D .• Vice-Chairman 
Gerald A. K.aynard. Secretary 

Barbara P. Nueule 
Oren L Brady, Jr. 

James A. Spruill, Jr. 
William H. Hester, M.D. 

Jim Ullery, P.E. RECEIVED 
Bureau of Solid and Hazardous Waste Management 

Suzanna M. Workman, Geologist ~ . OCT 1 ; .. J..;v-r 

TO: 
.. \ 

FROM: 
Surveillance and Data Management Section 
Ground-Water Protection Division 

~ ~~ ... :. ; -~ . . ··~ ·~ ~:;,.;, .· 

S.C. DEPT ,.., .. 
!NVIRONr.1E~/TA~E~~~~~~ONO 

... ~· --RE: Ground-Water Analyses ·· 
~ Medley and Atkins Site 

Cherokee County 

.o~ureau of Solid & H , ' :-. L 
.. .Waste M <lZ3rdous 

anagerr~nt 

'·'·• ........ . 

DATE: October 15, 1984 

Attached are the inorganic and organic analytical results of ground-water 
samples collected from both the Medley and Atkins sites, Cherokee county, on July 
7 and 18, 1984, respectively. Only one well, Medley W-1, is a monitoring well. 

other wells are domestic drinking water supply wells. 

From these analyses it is apparent that the Sprouse well, Medley site, 
and the Bratton well, Atkins site, are contaminated with organic compounds. The 
suspected sources of the contamination are the unauthorized hazardous waste storage 
areas located nearby these homes. 

·The Sprouse well has been sampled a total of three times since July 29, 
1983 and has evidenced organic contamination twice (see attached table). According 
to the latest analyses, the level of dichloromethane appears to be increasing. 
The Bratton well, Atkins site, has been sampled three times {latest analyses by 
EPA has not been reported). The two initial analyses evidence organic contamination 
(see attached table). 

Based on these analyses, it is recommended that the Bratton and Sprouse 
well owners be informed on the results in a timely manner and advised to obtain · 
an alternate water-supply source. 

SMH/km 

Attachment 

cc: George P. Nelson, Jr., Chief 
Bureau of Water Supply and Special Programs 

Appalachia III District 



Well Name/Date Sampled 

Sprouse 

Bratton 

"6/27 /83 

9/12/83 

7/17/84 

8/1/83 

7/18/84 

ll·: 

Table showing organic analyses of ground water t~ken from Sprouse and 
Bratton wells, Medley and Atkins sites respectively, Cherokee County. 

Dichloromethane 
(Methylene Chloride) 

14.0 

0 

678 

1,2-dichloroethane 

2.51 

Chloroform 

6 

14.2 

*all parameters reported in ppb 

.. 

i'· .. . .. 

• 

. . 

Methyl Ethyl Ketone 

40 
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SOUTH CAROLINAr·?ARTMENT OF HEALTH AND ENVIRoru(}AL CONTROL 
10 'trivi ronmenta 1 Qua 1 i ty Centro 1 _ <:::-

... / .. ~ Analytical Services ·nata Sheet for Solid Waste and(.Hy"drolo · 

' Sample. /If" 1 J • ~ ~ ~~ · ( /'1 /J -. ---J' --....,. 
Location J-J·'i- I( ( nr )_-A..(~~ County L~.-P.A .... &{Z-I..(__.) 

...... -·;;'. 1 

mp 1 e T~,,_-:'2(~> -r-~ Conrnents._" ________________ ___; . .:.._.!_ 

te rffrx7 f{i.( Collected by z,_..,.._~/'1 An "X" in the small column indicate's .. 
1 ' - , ;:;..."-,(: test requested . . .·.'·s ." h 

-r~-~-r~--~----rr--------~T---~~------
ime Collected (Milit.) 

ample Point 

ab No. ·· .. ·· J.1 

itrite, N, mg/1 .... 
. ; ... .-~ 

ashpoint, °F 

lids, Total, mg/1 

lids, Tot. Diss, mg/1 X 

OIG 
., .. '• . ····· ........... 

·.· :.·.,···" :·.··.· 

. '.l·. ·.. .. .· •• •:'· 
. • .. . • ; •.. ·,_ 1 t. 

~ ~ .. :; :. .. : : 

:· ... ··. 

...... :.=:~>·. ;_ 
.... : 

~-.. ~·· .... __ .. _ 

. '· ... · .. , .. 
..•. . ::·.~~-

. : ~ ... ·. ! : • •I 

l4fbh<; lB_~~ 
.J..l otw· 017 .. ~-:-

Calcium .··Lf 0 ( 8 ~ .. · ... .-· . 

Magnes1um .. -:7 _.:.... .. ~. 0 
Sodium .. . , ·, ·.,_ ...... ~·;... 

····:·" 

Potassium . -· ·.• .. · ... .-:, ... ., : ·t''i1"·. ::: 

Arsenic,. < (), 003 ~ < 0. {)U5 
Barium. 0::· <JJ.~ -. ~l<tJ,S -,.I',..';~ I;-

' . :. -
-·' ·.:-: '\'·~ 

Chromium <o. o~ (O. o 5 
Copper 

Iron ~,() O.Ob 
Lead t.. o. 05'" (. o. 0~ 

< o. oo 5" <O.on.s 
Silver .. 
i Zinc ··~~·~. 

• I _, 

Phenols an.alyz:ed 1n Ch.uleDton T.ab . _ ·•· 
. 

~t~ Received in Regional Laborato~~~7~'~3~llwn~4~~by_··~~~~eL· ~P~o~~r~•~~~~~--~-"~ 
late ~eleased from Regional Laboratory Sll0/84 by_ .. _ . ..::S:..:.·~Y:.:a:.::,:ta:.;s:___~_.;;.-_~---/:_·.:_. ·-' _ 

ta~~ .~ec.e.ived_in_ Central Laboratory '7- ,Jl-51 f/- by R.OU"..J _ ;;:::'_ L 
1a te Re 1 eased from Spec & A. A. Section 'l _ ~ '-1- f Y'l bY·__;~=....l-l...L/.P+ __ w~~~:=:::::i.===-~--·-· _._. _, -= 
.a 1 eased -~:om Meta 1 s Section ·. ~- d ,J-~ J.\- by~:A::._.J..p..:..00-l:·~Ds....:.r_).J...)t..\:~(.llo.;\C~Y-J.)~----.. -

.. 
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f ,;' • S mirfl CAROL! Nr 0EP ARTME NT OF HEAL ~H AN 0 ENV I RO:m£r lT AL CONTROL C::. ..!(I",;,.-~ 
•' Environmental Qual1ty Control ~w·t~ 

~Analytical Services Data Sheet for Organic Compounds in Solid Waste and A /.Y 
Hydrology Samples ~ 

:.. . 
..:iample ~ • \:.-t cl / I 
Location A/k:;n S' J.:...{~. County _N~ 
Sample T~pe il,-J,.d'•1,.~ Comm~nts __ --r-------------
Date '1//7' ~- Collected By~ An "X" in the small column rr ~----- indicates test requested . 

. Time Collected (Mil1t.) 
:·.·Station No. 

,.:..: . Lab. No. . . . . • \.J. . 
1 '. C!l.lorinated hydroc~ons, \19/l 

·.~~~ E ii'd_r-{ n, . mg/ 1 L_ 
:~~H L1 ndan~ m¥1 . . 1 · . . .. . 

%-±:=Methoxy~, mg/1 
;:.:;:: Toxap!Jel e, ~ 

Organophosphates, \19/1 

CBs, ll9!l 

.. 
. ··•. 

(rJ oood. 
{tJ ~ O_o__!l 

l o. /o 
<o.oo.s' 

< fJ./0 

< .. o.or2oa 
<O.oo~ 
~(J./0 . 

<D.oot:: 

l....o.{o 

<o.ro 

•_;_:- ......... _ 
· .. :::. 

.... 
.. · .... 
_-... ">' ~--~-~· 

.: .. -:-------------t-i------H---·-·-· _ .. --+-+--------- .:·~ \-;:~ . .:::. 
Other · · · . · · ;-·::.- · 

. . .· ... ~-\~.;·_ .. _ .• ~_:,T __ : .• :, .. _~·"· ·. : ~--: ~ -~· ~- . . 

··-... ~.· .. ·.: .·. ~- .. 
.. : ~ . '·. . . ... : ···.·:,:;. 

. •. 1· •. •· 

.· - .;,-
' . . "' ~. ' .. 

-~ .. .. , -----------~------~-----'-'--------
Corrrnents 

Date Received in Regional ·Laboratory By FROT:GT\0:: Q','"SlON 
te Released from Regional Laboratory By __________ _ 

e Received in Central Laboratory '7-1~ -9'-4 By~A~n~-)~y.__· ______ _ 
ate Released from Organic Section !t?/:J

7
(Ptl By_~..;..._ ________ _ 

. Uhite--Program; ~ellnw--Program; Pink-~.ab; ~old--Program 
OHEC 40-90 (09/81) 



~) h~-~ : , SOUTH CAROLINA r_,'A~~~lENT OF HEAL ~H AND ENVl RONt(~ (AL CONTROL .• ···.:~. ~ I ·'tnvironmental Qual1ty C~ntrol . ~ 
~~'.:;-;;....... Analytical_ Services Data Sheet for Sol1d Waste eydr_;.y 

ti on f\\.Q c:l \~ SL 1 ~ County \' ,!\ ~ ' 0 'C. Q e. 

/ 

( 
1_,,,:-.'\./ 

. I . ,r 
/! ··, 1 ., .. 

·"7·' 6 . - .. X·/ 
J . 

· · s~mple . . ~~SI·. ,~ .. ,. ·. (\ f'l _ L _ 

1 e Typej?.:VT'I..pX· - ~4 rC /( Coi11Tlents_--:-----------------
,:.·;, Date J\\:;1 Collected by F~·\\:-{ /zd·C·s.An "X" in the small column indicates 
. " I . . ( test requested . · . . · . · .... 

I ·, 

ime Collected (Militt) 

:s.mple Point 
!b No. ,. ' ',·_, \ H 1'1'1 ·· - H f.;) t/ /3 

l .· .. Calcium ·Cf 
.-._ ;,_.;. ->- -· ... :-· r·.· ... _ ·.::-: .. :::· Magnes i urn l(.t.{ ·:1'1 /. ~ 

.... ,, Sodium - ': ... t. ·. .; -.!. 

.. 
.... ·t_ ·t.:. . .. -...... ~. ··~-,. ~-trite, N, mg/1. -.·; .:· .. : . ; . ·'· .( ... ' -~ .. .. , . -~: -.1 Potassium ·~::~-., .... f .. -

Arsenic .. (l<t)_,_OQ.5_ ~<IJ.OOS <CJ.W~ 
Barium ~ <o.S · 4),5 ,<DS 
Cadmium 

Chromi urn 

ashpoint, °F Copper 

lids, Total, mg/1 

•

Tot. Diss, mg/1 1 Y](,.. ~~r~{,-.(1 lX r;q. Lead t' (. ().o~ t..o .. ~ r,ko,."s 
s - ' Manganese 

.. · ( (1 y (, 7 
ka 1 i ni ty rng/1 .• .i.if) X /;1 (' 

. ... . Selenium uori de, mg/1 

: .>y~·-·.:. · ... · .. :. · · ., ... _., . . ' y., 9 ~ ~ ,t.f.. ~ , ~ Silver 

.... !':· \ .... . 
. , ·· .. ""· ... . 

mide, mg/1 ... . . . m~ ~r"t~ r"\T"P.T~ 

.···. ··.·~~.-~·.·:: .. 

•··· . .. . . ·'' :-· 

.. ... 

<~.00 5 {/J fl(J I) l<"t2G05 
-~Q.Q_~ (_0.05 <0.'05 
... :>; ~~-~~~~·: .. .- :-~--~_;..~,·- "·.~ .. · ~. ·-·~£~~}~:~: 

~. ~~··.: ;;-;~· •• t . :'. "f ·:·.:_:~ ·, .·.: .. · :;?ci~:~-~'"-, 

'/kif f .f .""'4 It- .. 
IIW'./' ~l 

>ate Received in Regiona1 Laboratory 7/31(84 by_...:L:::.:ee::....:..Po::.:v:.:c~ra=------------__ 
>ate Relea.sed from Regional Laboratory Sll0/84 by s. '!'atoa -

late Received !~ Centra 1 · ~~bora tOry '1 -:~ - 'R 4 by e!i , ·: .-· · ·, .. · · · · · ·. 
tate Released from Spec & A. A. Section ~-J.'-I·Nby_""fj()..){,.~-

1eased from Metals Section B·'d. 3- ~:1 by . -'\\c n t~)e:n . 
. . . \ 
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~ • 'SOUTH CAROLINA~~PARTMENT OF HEALTH AND ENVIRON~AL CONTROL 
• • • :

0
• _, • o~nvironmental Quality Control 

"'. ·~ oo ' AriaJytoL~~l Services Data Sheet for Solid Waste an@ol, 

~~~~~~on./7k /1~ "2}-'-'T' J46 County de~t.£- , . 
~ ~ ll ; 

,ample Type J?.A ....... tU/11 ~ Conments _ ------·-·-------O· 
c•. Date Vtz

1
/./LI Collec·t· ed bYk#PI'

1
/;zM.,a-. ft.n "X" in the small column indicates 

• ~ ~ test requested _ 

C .. r.•:,~· 
,,. :to··· : / ., .. ,. . / 

/ ·-- ,· "l ., '0. ·' . 
. 1.,., ~· t 

o". , ••• 0 ·~:of 

~ime Collected (Milit:) 

;ample Point :-iq·~ 

Otq H . H tJI ox ()I<! . Oli..f .ab No. 0 

·, • •• ••• 

.... 
00 ... 

t:,-f'.!, mg/1 oO • Calcium • ·&. i . 

~~, ~' ,.· . ;·I Magnesium 

, ~ : .· 1. ~ ~ ... . .. ·. . ,, Sodium :.·l - ' . 

i trite,· N, mg/1 './ -.. : .. ··~- ,l. -··. 

Arsenic .. ~ < /) ()fJ.5 ~ ( o. 005 
Barium (O ~ <f);$' 
Cadmi urn <fJ. b J{J (/)f)_} I) .. ,~~--" . , . ·. 

Chromium <'o .o~ ~a.ot; 
lashpoint, uF Copper /ooor; <c.of7 
Jlids, Total, mg/1 Iron ~ o.r; to. 0-~ 
>lids, Tot. Diss, mg/1 ~ I()() Lead ~ "· os- ( o.or:-- Manganese . 

% ) -
I -.. •. ·· u.'l Mercury <1),()(\C 2._ <OOO(J02 
ka 1 i nity mg/1-.. Nickel 

,I 

~<(),005 Selenium < 0~0()5 uoride, mg/1 . . ~ . 
Silver ~ <o.o$ ,t;. <0.05·, 
Zinc 0. 

0 
.... • 

00.<~·-;;~i~.~. 

: •. ,~.~~~-~; __ ;_i; ..... 

: : .. ~-~ 

-~s-,·:· ~--~:';-.~.;;..:'-r ~-~)-_ ~--0 .. 0-: ... _ .. ---.. -+-~.~:H.:~ .. ~-.~ b·-,;:,1+:-ll_b,..,-'~-:-c,-,r:.i\-f-'ll.,......J;... •.. -;-:·---11 Rema?t ::·/, .. · ;. ,v.; ['.YJ ' f'o·f'f' ~~::;•.-~:\?~.· 
.", I' 

!;~~ •. 'llol' 
.. , .,::. 

.:.;.-~--~ ..... rfJ •;,_: .,~- !·: ..... . t'~ U·· ~K ~~ I'CLJ·~~/"\ I ... ' 

· onl"\.,.1" '"'"''~""~"' nt\/1' 1 ~N 

Date Received 1n Regional Laboratory 7/31/84 

Date Released from Regional Laboratory ·· S/10/94 

Date._Received in Central Laboratory .· 'l- I~- ~4 
Jate·- Released f~~m Spec.&. A

1
• A. Section -<;( ~-'-1 lw 

Jc !leased from Metals Section 6-;~,i.-E-.4 

. :' .J ,··,· ~~0 ~,. 0 >:.·-~.~-: 0 .'.i· 
0

~·0 Y~f .:;:::0~~~,:.:·~:'~:~'+::.9~~-: 
, ,. .. ." ·>~ _ ... • · , ·,,1· ·._.:· ~ .,-: . • .'" "' r_."a.· .. ·:·~·· 

Phonola aunly%ad iu Charleston Lab 
.. 

by Lao Pavers •o 

by S. Yatea 

:~~ldn~, 
by {:~./\\~ \ \\_ C\)\ \\.'f!"\'3 

~ ... 

.. ,0, •o\1 
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.SOUTH. CAROLINA' OEPARTI~ENT OF HEALTH AND ENVIRONt·IE1HAL COilTROL ~yJ'J~]~ '/ 

~ . 
Envi ronmenta 1 Qual~ ty Control . . UBoJv Q .. (, ' Analytical Services Data Sheet for Oroa~ Compounds 1n Sol1d Waste and '~ 

· <H}'"tii'o 1 a gi3 m -~·es ~ 

Date An "X" in the small column 
indicates test requested. 

Time Collected (~lilit.) 
h"'· .I,, 1 J .I ~-1luJ 

Station No. ,, '"'' ~ . ('( i I ~.rrt.i;t S0,-o "'-.Se '' 

Lab. No. ~ o,a G\~ '014 
~ 1 ori na ted hydroca rbons.v119/l 

E"ndr..!_ n, mg/l / < O~OPI"} ( CJ. O.t.)Od ( '-'• Ct'O a 
Lindan-~mg~ < 0. tJ {' Jj. (C'. ~ 0 t/- ( O~ Do ~ 

., .. Methoxy5rrro~, mg/1 <O./o <~. lo _{_ o_; o 

', 

, 

loxaphene, mg/~ ( o. oc-S" < o. C'C'fl <t.uo5:' 
/ " 

Organophosphates, 1J9/1 < o~/_o (o.IC' < c, /C 

.), ug/1 < CJ.50 -< o.!f o < c:.s-o -

Other 

Ad E~'"~ Ale dd ly Yt.~./c.kdd ~ '#~ct:i'i!~ztz/ K ~~ ... af~.d] 
~ 

ro_l _{);~ ... s~~ 1x ·_~r-_2... atL_1,.1- ..... -t >It ~t& rtft,.~,~"/ V !J?v t'fO.:w/m.Vf . 
If I I ' 

I 

.. 

' 

_co_mm~e~nt~s~--------------------------------------------~--~--~---------· / 

f '0 ... I ~ ' ... ~ 

--------------------------------------------------------------------------------------Date Received in Regional Laboratory By ________________________ _ 

Date Released from Regional Laboratory By 
------------------------~--f'l~•e Received in Central Laboratory '7- 1<;?-3.4 By_A~·\\~~~....~.\ ___________ _ 

. Released from Organic Section h / -\If'~ By .:it-:-_ ~/),{;jr .. ,_.o-,. r I 
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SOt.:TH Clu"";.OL u:A DCP !1!\T:ll::!:T Of Jir,\ !.Til A~;o c:;vi I:o::t it.:::T ,\L co;~Ti\OL 

ANALYTICAL SERVICES DIVISION 

Sample Loc3t:ion: 

Date of Collection: 

Sample Number: 

REP0RT Of ORGA~liC At-;ALYSIS 

MEDLEY DRUX SITE 

07/18/84 

H 12, H 13, H 14 

Sample Type: GRiJU~:Di~ATER 

Collected by: F.:11ler 
Zucca 

. -::=:-­

----@--VOLATILE ORGANICS: ............. -· -... 
.@t 
:· ~h3-

tn~cll~ Cr W-{ 

.:So.V'"("tT {!A r .k jl t vAl t(} 
/ 7. 1) dichloromethane 9. 22 /J g/P. 

___ /-". 2) 1,1-dich1oroethene 1,645 IJB/2. 
/~ 3) 1,1-dich1oroethane 

··· ~ 4) trans-1,2-dichloroethene ··· 
43.7 u,g/t 
28.0 /J g/P. 
3.56 u&lf 
I .53 u g/P. 

__ _ :> 1 ....c::uoroform . 
-- ;z~) 1,2-dichloroethane · · 

· ·12 7) ·1-i1,1-trichloroethane 
~~ 8) carbontetrachloride 
1:.:. 9) trichloroethene 

/$10) 1,1,2-trichloroethane 
11) 1,2-but~diene 

H 13 -- VOLATILE ORG~;ICS: 

H 14 -- VOLATILE ORGANICS: 

1) dichloromethane 
2) 1,2-dichloroethane 

------

---·- ·-- 2,188 /J g/P. 
830 ./J g/P. 

3 .14 /J g/9.. 
·15. 3 /J g/9.. 

NONE DETECTED 

678 /Jg/l 
2.51 /Jg/f.. 

*"'"" - Sf('Ot.U ~ 

•--:- ·- .. -.. 
:·:.~·4 .... ;. ~· ' : .. --.· .-- ::ij"""J 

.. · ........ · ..... --.- ·- .. ..... ..:. "' 'J !. ··-, ..... _ 
4 -• I 

. . 

. . 

. . . 
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SOUTH CAROLINk lJ;EPARTf~ENT OF HEALTH ArlO EHV!RO~H·lEHTAL C01lTROL ~~ / 
Environmental Quality Control U~ 

Analytical Services Data Sheet for Organic Compounds in Solid Waste and ~- ~~ 
c!!Y<frofCWjamples f'l 

~~~~~~on ~+ :VcU/h~ J::U County_--4£~'Jk~,1 1.JJ.J."J-~k=..::-.· ----
Sample Type ~ ... ~~./u.~L/corrrnents=-~-------------­
Date 7/t?C #collected By &t/e.Y 

~ 

Time Collected (Milit.) 
Station No. -pj_'H~/ 
lab. No. - . .. H· ·019 
Ch~rinated hydro~ns, pg/1 

En~n, mg~ < o. ooo:J.. 
lind~~mg/l ~ ~. ool/---

An "X" 1n the small column 
indicates test requested. · 

~1 
()fq 

( 0. OC'CJ(}.. 

<o, oo~ 
_ Methoxyc~ or, mg/l < (), I o < o, lo 

Toxaphene, mg!l < (}, 00~ < tJ. oo~') 

Organophosphates, pg/1 < o./tJ < ~~lo 

,-CBs, lJ9/l <o.SiJ <. o .. so 
·• . 

Other 

4~~~e-~P~~ !)!. ~'~~ d'ddd ~ 'f( ~c/d.cf..zt~ 
• ~ '-: --

_!L:1/o- Vra. ~_., ·~ 71~ -~:t~-b ~ 718Xo~ M.utJ .. .<) \. 7 I \ I 

. ··r -·I ., '1 --· .. -Comments 
(-. ' •• ~1 

(: ~ ~ ·, ~ . ! ." ~ .. ·, ' . . \ . ·' ~ ' 

Date Received in Regional laboratory __________ By __________ _ 
Date Released from Regional Laboratory By __________ _ 

Received in Centra 1 La bora tory '7- tR- 2;.f- By A nl T 
Released from Organic Section 0/:J/.ft/- By c1tY../c:;((~0.,., -r'l 

I ; 

OHEC 40-90 (09/81) 
Uhite--Program; Yell~"~w--Proqram; Pin~--L~b; l;old--Pronram 
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South Carolina Department of Health 
and Environmental Control 

2600 Bull Streel 
Columbia. S.C. 29201 

Commluionu 
RobertS. Jack,on, M.D. 

MEMORANDUM 

TO: Jim Ullery, P.E. 
Bureau of Solid and Hazardous Waste Management 

FROM: Suzanna M. Workman, Geologist~ 
Ground-Water Protection Division 

RE: Medley 2000-Drum Site 
Preliminary Hydrogeologic Investigation 
Cherokee County 

DATE: April 26, 1984 

aoard 
. Mosn H. Clarbon. Jr .. Chairman 
Leonard W. Dougla,, M.D .. Vice-Chairman 

Barbara P. !liues,lc. Secretary 
Gerald A. Kaynard 
Oren L. Brady, Jr. 

James A. Spn.~ill. Jr. 
Wilham H. Heuer, M.D. 

n -:-~ =~-:-~~'\:-=:,n J:(_ -~ 
.·-·~ ,..~ ~·:\".~ '.. .. . ....... -.. 

~- ~- :-::.- ,·. -~.·- ,: ..... ::.) 
c;,lv;:-:::·:;.~:· .. :·:.:.. ;_;\Y ··:· · JL 
f3JI:"E':'U ~-; S:-/;.:~ l:: ~-'::;-::r:.:o;.~s 

\:-~. i .1;,,;"- -· :·.:t 

On April 11 and 12, 1984, Randy NeSmith, Bob Faller, Barry Langley and the 
Nriter conducted a preliminary geohydrologic investigation at the referenced site 
per Request for Geologic Services dated February 9, 1984 by John Cresswell. John 
Cresswell, Coleman Miles and Bill Buffington assisted in well installation and 
sampling. 

A general geohydrologic description of the area is contained in the writer's 
July 11, 1983 memo to Robert Malpass. A well and one borehole were drilled to 
obtain site specific geohydrologic information and on-site ground-water samples. 
Drill logs (attached) describing site-specific geology will be discussed in a later 
paragraph. 

Upon arrival, no drums were observed, however, a significant amount of debris 
(i.e., discarded Tyvek suits, sampling spatulas, drum parts, plastic and paper bags) 
was strewn across the surface of the site. Buried pockets of an unidentified gelatinous 
material (appeared to originally be in granular form) were present across the site, 
but most prevalent in the southeast quadrant. Numerous areas of discolored soil 
were also observed. Lastly, numerous large ruts were observed, indicating significant 
site erosion. 

On April 11, 1984, an attempt to install a well (MD2) in the center of the 
site was made. This area in NUS Corporation's Gee h sical Stud , Medle Site 
{November 18, 1983) and designated as Area C {see location map, figure 1 is 
apparently contaminated as evidenced by significantly high conductivities. The 
borehole, drilled to 54 feet, did not encounter saturated conditions. Split-spoon 
~ediment samples, obtained at three, five and nine feet below land surface, were 
ollected, labeled, and bottled to be analyzed for volatile organics, primary metals, 

acid and base-neutral extractables, and grain-size distribution. 



Jim Ullery 
Page 2 
April 26, 1984 

Due to the unanticipated depth to the water table at Area C, it was decided 
to move further downgradient, and at a lower elevation, in an attempt to encounter 
the water table at a shallower depth. Two areas were considered, areas c6 and E 
(figure 1). Access to c6 area was impossible due to the numerous pockets of buried 
gelatinous material. Therefore, area [was chosen. 

On April 12, 1984, a well (MD2A) was drilled in area E. The disturbed-soil 
cuttings consisted of medium to fine silty sand, predominantly red, containing 
angular quartz fragments (see figure 2). Auger refusal occurred at 85 feet. 
Interception of the water table was not evident when examining drill cuttings. 

==when the augers were removed from the borehole, cuttings from the lower twenty feet 
of auger were saturated. 

A well, constructed of Triloc machine-cut screen (0.10-inch slot) and 2-
inch diameter schedule 40 casing, was installed after the augers were removed from 
the borehole. The borehole remained open during well placement. Due to the 
indication of a perched water-table condition at 65 feet, two screens were placed 
at 63 to 68 and 78 to 83 feet. The screened intervals were sand packed using No. 

35 Silica Sand Pack. After gravity placement of the sand pack, water-level 
asurement indicated approximately 20 feet of water in the well. Well development 
s attempted utilizing an ISCO Model 2600 well sampler prior to installation of 

grout. A diagram illustrating well-construction details is attached (figure 3). 

The well was evacuated to dryness utilizing the ISCO sampler prior to sample 
collection. Recovery time to obtain approximately ·one-half liter of water was 
forty-five mi,nutes. Samples obtained by pumping were for DOC, primary metals 
(dissolved), pH (field) and specific conductivity (field). Samples to be analyzed 
for volatile organics, pesticides, acid and base-neutral extractables were collected 
with a stainless steel bailer. 

Upon receipt, sample analyses will be reviewed and a report, interpreting 
the analyses and discussing our conclusions based on our investigation, will be 
forwarded. 

If this Division can be of further assistance, please contact us. 

SMW/km 

Attachments 

cc: Bill Buffington, EQM 
Appalachia III District 
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MEDLEY HAZARDOUS WASTE SITE 
GAFFNEY, SOUTH CAROLINA 

TOO# 04-8306-07 
VOLUME I 



MEMORANDUM 

TO: 

TliW: 

r KUM: 

SUBJECT: 

DATE: 

R.D. Stonebraker 
EPA - Reg i o n I V At 1 ant a 

Medley Property Hazardous Waste Site - Gaffney, SC. 
TOOl 04-8~6-07 

Ju 1 y 28, 198 3 
TAT -04-F-0009 2 

fit:Jnd ay, June 29; · 1g93 

- Weather Condit ions: 

9:30am 

1:OOpm 

1:30pm 

2:OOpm 

Overcast and warm. Temperature in the mid 80's with a 50% chance of 
rain throughout the day. ·· 

TAT member Neal Strickland leaves the office enroute to Gc.ffney, 
SC. He is to meet with Mo-. Gary Roseman at the Holiday Inn in 
Gaffney, SC. 

TAT member Neal Strickland has arrived in Gaffney, SC. and has met 
with Gary Roseman of O.H. Materials. 

Gary Roseman called Walter Cook of the Broad River Electric Company 
to have him meet us at the site. 

Gary Roseman and Tim Seem of-O.H. Materials, TAT member Neal 
Strickland and Walter Cook of the electric company arrive at the 
site. Upon arrival TAT member Neal Strickland and Gary Roseman are 
to meet with p.rs. Med 1 ey to explain what is to be done as far as the 
cleanup. We expiained the type of equipment that would be used and 
where the equipment would be placed. She agreed to our suggestions 
and gave us the okay to move any of her equipment that might be in 
the way. · 



-73-

t:-~ Estimated Tot a 1 s 

bo/J'o 
Total contaminated soil/solid waste 2132 cu yds- 82 trucks x 26 cu yds truck. 

Total liquid waste- 24,200 gallons- 5 trucks 4 x 5200 gal, 1 x 3400 gal. 

Total crushed empty drums - 44 loads - 24 yard trucks. 



South Carolina Department of Health 
and Environmental Control 

2600 Bull Street 
Columbia, S.C. 29201 

Commi!lliioner 
Robert S. Jackson. M.D. 

Appalachia Ill District 
Environmental Quality Control 
151 E. Wood Street 
Spartanburg. S.C. 29303 
(8031 596-3800 

Mr. Gregory Fraley 
United States Environmental 
Region IV 
345 Courtland Street, N.E. 

·Atlanta, Georgia 30308 

Dear Mr. Fraley: 

May ·,3. 1985 

Protection Agency 

Board 
Moses H. Clarkson. Jr .. Chairman 

Leonard W. Douglas. M.D .. Vice-Chairman 
Barbara P. Nuessle. Secretan· 

Gerald A. Kavnard · 
Oren L. Brad·v. Jr. 

James A. Spr~ill. Jr. 
William H. Hester. M.D. 

Re: Private Wells 
Medley/Poole/Atkins/McBee Sites 
Cherokee County 

Attached is the methodology used to determine the number of private wells 
in Cherokee County within a three mile radius of the above referenced sites. 
Please be advised this is an estimate based on general information regarding 
homes in these areas and public water systems. 

If you need any further information, please let me know. 

BLH/dlk 

Enclosure 

Sincerely. 

!!!::£~ 
District Director 
Environmental Quality Control 
Appalachia III District 

cc: John K. Cresswell - Bureau of Solid and Hazardous Waste Management 
Site Screening & Engineering Section 
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MEDLEY/POOLE/ATKINS/McBEE SITES 
Cherokee County 

TOTAL HOMES [3 MILE RADIUS] 

PRIVATE WELLS 
3 MILE RADIUS 

530 (1971 Highway Map) 

TOTAL HOMES - PUBLIC WATER AVAILABLE--330 (1971 Highway Map) 

ASSUME 75% SERVICE TO HOHES WHERE PUBLIC WATER IS AVAILABLE 

0. 75 X 330 -= 247.5 af 248 

530 - 248 a 282 HOMES ON PRIVATE WELLS 

POPULATION [CHEROKEE COUNTY] 1970 -- 36,791 
1980 -- 40,983 

GROWTH [1970 TO 1980] -- 40,983- 36,791 • 11.4% 
36,791 

1:0
4 

a 1.14%/YEAR 

ASSUME SAME GRO~ITH FOR HOUSING AS GENERAL POPULATION 

1971 - 198 5 = I 4 YEARS x J • 1 4% • J 5. 96% 

282 X 1.1596 a 327 ~ 327 HOMES ON PRIVATE WELLS 
3 HILE RADIUS 
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May 24, 1988 .: :..-:.···: 

·- .· .. 

Mr. Scott Gardner 
Site Investigation and.Support Branch 
Waste Management Division 
Environmental Protection Agency 

•" ;-,·, 

Subject: Medley Farm Site Well Inventory ,, 
Gaffney, Cherokee County, South Carolina 
TDD No. F4-8805-55 

Dear Mr. Gardner: 
•oo:o.._ 

- ·~= .i,. J 

A well inventory was conducted within a three mile radius around the Medley Farm Site on May 19 
and 20, 1988. Copies of the maps showing the results ofthis inventory are enclosed. Areas served by 
the Gaffney Public Works Water Service are shown on the Cherokee County map attached. This 
information was provided- by Mr. Richard (Rick) Roberts assistant manager of Cherokee County 
Water. Mr~ Roberts informed us that G(!ffney services approximately 10,000 meters, and distributes 
water to about 85% of the county using reservoirs located north oft he town. 

ln.following~ the routes· indicated by_ the water distribution line. map, it.was:observed·that many of 
the residents along the system are not connected to the city water. New lines were being; and had 
been-installed recently. 

The inventory was conducted using USGS Quadrangle maps dated 1969 and 1971. A total of 217 
homes were counted having wells within a three mile radius of the site. Forty of the total amount 
were counted with the assistant of Dr. Jennie Kowlczyk a professor at USC and head of a group of 
concerned citizens who have private wells within a one-mile radius of the site. She is very much 
aware of the history of this site. She provided names of all the property owners around the Medley 
Farm site and provided two county survey maps of properties around the site (attached). 

Well depths varied from approximately 75 feet to 400 feet (bls). The nearest well was identified 
being approximately 1,000 feet south of the site, but city water lines are available to this home. Dr. 
Kowlczyk well would be-the next nearest well, which is approximately 0.25 miles east of Medley 

· Farm. The depth of her well is approximately 400 feet. Outside the city limits of Gaffney, there 
appears to be moderate growth, but most of the area is fairly rural. 

Please contact me if you have any question or require further information. 

Approved 

RH/dw 



U.S. EPA REGION IV 

SDMS 
Unscannable Material Target Sheet 

DociD: /t)>tACf' 233 Site ID: 0 GDC($055 8 ;c.fC?, 

Site Name: ~L~ cfJcu..rn 

Nature of Material: 

Map: ~ Computer Disks: D 
Photos: o· CD-ROM: D 
Blueprints: D Oversized Report: D 
Slides: D Log Book: D 

Other(describe)(J)~ .. :_,.~ ~{{};tt(,J-Mt~ 
Amount of material: --------------------------------

* Please contact the appropriate Records Center to view the material* 
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f~j'~ext~l'ts1ye ~~~ber:,1ng of .... th! .. un~e~ly1ng pa~_t ,ro~,,_(~1_s~u~~~.d4~1'.)~tec.,~ar~gt_:~h~i.}'·. : .-'--'3;. ·-,_ 
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1dent1ffed 1n figure 1 using a U.S.G.S. 1 1/2 11inute topographic map. It 1s along ·_·_ · · · · ·,-' 
these traces that ground water flows and where contaminated ground water 1s 11kely 
to migrate. · . ~ .. 

_ · . Water-level roeasu~nts (from top of. casing, see figur.e 2.) were recorded -~~·-:,j.· • .J:it..r~~ 
~-"·'" for four domestic wells .... These measurements are reported as pllq)1ng level as the ·:-:-.:~-·."h·-:.: _o.J_·-

. we11s are frequently p~ed and the vater level fs not static. After water-level ·_ :· -:="~ -- o 

·· ... measurements were recorded, the \fel 1 s were PUI'Tl'ed for 15 minutes to ensure that ·. < :; -~;.~ ."~-~ ;'";;. 
0 

0 

representative ground-water samples were collected. Ffeld specific conductivity _-:::_ ';,_:·_\· <~, 
-

0 and telfl>erature were also recorded at this time. Wel 1 depths could not be measured,-· : :· · · :2·· 
_nowever. large diameter well depths are nonnally 10-30 feet below the water-table_·._. : ·. ~- '-~- :·. ·· 

·- .. -surface. - ;_ · 0 

.-. .~_·•' • •• 

• ,o • • • l.:. . . .. - ·_J;-:> .. :. i. ~-
Chemical analysis of the collected salfC)les have not been received by this .. ~.; ... -__ : .. ;:.~ 

Division. These results will be reviewed and conrnented on upon receipt. -·~;· .. ' .... ,~ ..... · .. ·• 
·.·.-:. :: ·-.. : ·. ·--. :· . . ·: .. · ... ·,· -~- .. ~~\ . _. -~ -: _-: ·_·.;.,..,·_--,_ ..... >:\·_ ... _.:·--.!a-~_~.:-.-· .... ~~-#·~:._··;"(---_~-:;;_._ .. : .. -...._"'·-\:··:~--... ·~~-~<: .. -~~ 

•• •• .·._.-· 

0

~-lhe specific conductance measurements did not indicate the presence of -~, .. -t~;·_·;>>J::~.;~~ 
~-:-~.- ·contamination.·· Three of the four domestic wells (Pittman, Sprouse and Sarrett) ·.:-:·>.:~ ... ~-;j.>~~;;}.~ 
':-- · led appear to be located near fracture traces (see figure 3} and reportedly. -~~:,·~-~-·--.~~~~~~~J 

ve high y1e1ds, f.e •• the Sprouse well serves as a water. supply for four fam111es~··::_;·x·M 
. d the Sarrett and Pittman wells, according to the owners, yield an abundant supply i:'··;..~·:·~~ 
.. of water. The fourth well (Davis) l~cated p~ ~. topograph~~ highwas ev~cuat~ -~;;:f: :;:?~t::;:. 

0 
• ••• :- • a~te~ .15 minutes of PII11P1_ng.l:; 0

•• • -:· • • ~ __ - '. •• ~>' ... ·:: ,~~~~--<·~·.,;:. ·. ':: ... /·;.·' · · ·. ··i. · .. ·.; •. ·<·: -·~ ·--~/' ·:r-~-8;;,,._~ ~ft~~.:>! 
These observations seem to fndicate that hfgh well yields are available .,.-· _ -~ .• ~:/ .. ·.: 

nearby the fracture traces, therefore, the predominant ground-~ter flow direction -~ ~, .- · .. ·· :, ·:. 
would be along the fractur~ traces. As shown o~J1gure 3,_.the_Sa~tt.~llfsf: .. \[:_:~:.~~;;~:+-: 
.located on a fracture trace which interconnects .~1th other .fracture -traces under1y1ng~~~_,:,-;. 

;. the study site. Therefore; it fs probable that 1f ground-Water. 1s contaMinated,':--~·-~~t~~5-:{~:t 
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ell 

Sprouse 

Sarrett 

Davis 

Pittman 

( 
··• 

(-
- ,, 

Water level Specific 
from top of casing Conductance Temperature Type of we 11 

(in feet) (umhos/cm) ( oc) 

36.52 25 21 Bored, 24 inch 

58.80 60 18 Bored, 24 inch 

67.00 25 18 Bored, 24 inch 

26.07 25-35 19 Bored, 24 inch 

Figure 2. Table showing recorded water levels, specific conductance 
and temperature measurements and type of well. 
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INTERNATIONAL SYSTEM UNITS 

The following factors may be used to convert inch-pound units published 
herein to the International System of Units (SI). 

Multiply inch-pound unit 

Length 
inch (in) 
foot ( ft) 
mile (mi) 

·1 ·c · 2> square m1 e m1 

Volume 
gallon (gal) 

million gallons (Mgal) 

Flow 
million gallons per day (Mgal/d) 

gallon per day (gal/d) 

gallon per minute (gal/min) 

Flow per Length 
gallon per minute per foot 

[(gal/min)/ft] 

25.4 
0.3048 
l. 609 

2.590 

3.785 
0.003785 

3785 

0.04381 

0.0038 

3.785 
0.003785 

12.418 

0.01242 

To obtain SI unit 

millimeter (mm) 
meter (m) 
kilometer (km) 

square kilometer (km
2) 

liter (L) 
3 cubic meter (m3) 

cubic meter (m ) 

cubic3meter per second 
(m js) 

cubic3meter per day 
(m /d) 

liter per minute (L/min) 
cubic3meter per minute 

(m /min) 

liter per minute per meter 
[ (L/min) /m] 

cubic meter per3minute 
per meter [(m /min)/m] 

National Geodetic Vertical Datum of 1929 (NGVD of 1929): A geodetic datum 
derived from a general adjustment of the first-order level nets of both the 
United States and Canada, formerly called, "mean sea level." 
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U.S. GEOLOGICAL SURVEY 

WATER RESOURCES INVESTIGATIONS REPORT 86-4132 

Errata sheet 

References were omitted from captions to figures 

3 and 6 on pages 7 and 19 respectively. The 

correct captions are as follows: 

Figure 3.--Physical setting of the ground-water system in North Carolina 
(From .Heath, 1980). 

Figure 6.--Geologic belts, terranes, and some major structural features 
within the Piedmont and Blue Ridge provinces of North Carolina 

(From Brown, P.M., and Parker, J.M., III, 1985). 

The equation on page 33 is incorrect as shown .. 

The equation should read: 

yield = a - b(depth) + c(depth x diameter) - d(depth2 x diameter) 

where a, b, c, and dare regression coefficients. 
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STATISTICAL ANALYSIS RELATING WELL YIELD TO CONSTRUCTION PRACTICES 
AND SITING .OF WELLS IN THE PIEDMONT AND BLUE RIDGE PROVINCES 

OF NORTH CAROLINA 

By Charles C. Daniel III 

ABSTRACT 

A statistical analysis was made of data from more than 6,200 water 

wells drilled in the fractured crystalline rocks of the Blue Ridge, 

Piedmont, and western edge of the Coastal Plain where crystalline rocks 

underlie sediments at shallow depths. The study area encompassed 65 

counties in western North Carolina, an area of 30,544 mi 2 , comprisi-ng nearly 

two-thirds of the State. Additional water supplies will be needed in 

western North Ca~olina as population and industrial development continue to 

increase. Ground water is an attractive alternative to surface water 

sources for moderate to large supplies. The statistical analysis was made 

to identify the geologic, topographic, and construction factors associated 

with high-yield wells. 

It is generally held that the crystalline rocks of the Blue Ridge and 

Piedmont provinces yield only small amounts of water to wells, that water is 

obtained from vertical fractures that pinch out at a depth of about 300 feet 

because of lithostatic pressure, and that the function of a large diameter 

well is primarily for storage. These concepts are reasonable when based 

upon the average well drilled in these rocks: a domestic well, 125 feet 

deep, 6 inches or less in diameter, and located on a hill or ridge. 

However, statistical analysis shows that wells in draws or valleys have 

average yields three times those of wells on hills and ridges. Wells in the 

most productive hydrogeologic units have ayerage yields twice those of wells 

in the least productive units. Wells in draws and valleys in the most 

productive units average five times more yield than wells on hills and 

ridges in the least productive units. 

Well diameter can have a significant influence on yield; for a given 

depth, yield is directly proportional to well diameter. Maximum well yields 

are obtained from much greater depths than previously believed. For 
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example, the average yield of 6-inch diameter wells located in draws and 

valleys can be expected to reach a maximum of about 45 gallons per minute at 

depths of 500 to 525 feet; for similarly located 12-inch diameter wells, the 

average yield can be expected to reach a maximum of about 150 gallons per 

minute at depths of 700 to 800 feet. 

INTRODUCTION 

Additional water supplies will be needed in the Piedmont and Blue Ridge 

provinces of North Carolina (fig. 1) as population and industrial 

development continue to increase. Municipal and industrial water supplies 

are derived almost exclusively from surface water sources. However, the 

potential for further development of surface water is limited, and ground 

water is an attractive alternative for moderate to large water supplies. 

Ground water has many attractive features as a source of supply. 

Ground water in the crystalline rocks of the Piedmont and Blue Ridge 

provinces has a relatively low cost of development (Cederstrom, 1972). 

Generally, ground water in these areas is of good chemical quality and 

requires little treatment. Because of the large quantity of water in 

storage, the ground-water system usually can sustain moderate yields during 

seasonal dry periods. The use of ground water generally permits other land­

use activities if they do not impede the infiltration of recharge or 

diminish water quality. 

The crystalline rocks underlying the Blue Ridge and Piedmont have the 

reputation for furnishing only small quantities of ground water. This 

impression is the outgrowth 'of dril~ing large numbers of domestic 

wells, which do not represent efforts to obtain quantities of water beyond 

the minimum requirement of 2 to 10 gal/min. About 70 percent of all wells 

drilled in the Blue Ridge and Piedmont are for domestic supply and most were 

located and drilled without regard to geology, topography, and optimal 

construction. There are, however, a significant number of wells that yield 

a few tens to a few hundreds of gallons per minute. Additional high-yield 

wells likely could be developed at carefully selected sites throughout the 

area. 
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Figure 1.--Area of investigation showing counties and physiographic provinces. 



Results of studies in several areas of the Piedmont, both within and 

outside North Carolina, show that the ground-water system can support large 

well yields. For example, Daniel and Sharpless (1983) reported finding more 

than 300 wells in an eight-county area of central North Carolina that 

produce 50 gal/min or more. Cressler and others (1983) found a substantial 

number of wells in the Georgia Piedmont that yield more than 100 gal/min and 

some that yield nearly 500 gal/min. They also found 66 mainly industrial 

and municipal wells that had been in use for periods of 12 to more than 30 

years without experiencing declining yields. Similarly, Cederstrom (1972) 

found that yields of 100 to 300 gal/min are not uncommon for bedrock wells 

in the Piedmont and Blue Ridge provinces from Maine to Virginia. 

To evaluate the potential for large ground-water supplies in the 

Piedmont and Blue Ridge provinces of North Carolina, the U.S. Geological 

Survey, in cooperation with the North Carolina Department of Natural 

Resources and Community Development, conducted a five-year study of ground­

water resources in the region. This report is part of that study. 

The purpose of 

data from a large 

provinces of North 

Purpose and Scope 

this report is to describe a statistical analysis of 

number of water wells in the Piedmont and Blue Ridge 

Carolina that was undertaken to identify factors 

associated with high-yield wells. 

The statistical analysis was made by using hydrologic, geologic, 

topographic, and well-construction data obtained from records of more than 

6,200 water wells. The wells are in an a~ea including all of the Blue Ridge 

and Piedmont provinces in the State and an adjoining narrow strip at the 

western edge of the Coastal Plain province where a number of wells draw 

water from Piedmont crystalline rocks at shallow depth beneath the 

sedimentary 

Carolina, an 

(fig. 1). 

-------------

cover. The study area encompassed all of 65 counties in North 

area of 30,544 mi2 , comprising nearly two-thirds of the State 
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Figure 2. --Study areas of reconnaissanc·e ground-water investigations that were 
the sources of well data for this study. 
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The records of water wells, obtained from published sources, were used 

to compile information on well yields and water levels; use of the water; 

well~construction variables such as total depth, diameter, and casing depth; 

and the siting of wells in relation to topography and geology. A total of 

14 geologic terranes considered to be hydrologically significant were 

identified in the study area. Within these terranes were selected 21 major 

rock types, designated herein as hydrogeologic units, of igneous, 

metaigneous, metasedimentary, metavolcanic, and sedimentary 

considered to have quantifiable hydrogeologic properties. 

origin 

The data on both geologic terranes and hydrogeologic units were 

obtained largely from the work, both published and unpublished, of other 

investigators. Field studies were kept to a minimum. 

Previous Investigations 

Between 1946 and 1971 a total of 14 reconnaissance ground-water 

investigations (fig .. 2) were completed that provided information on ground­

water resources in all the counties in the Piedmont and Blue Ridge provinces 

of North Carolina. All but one of these reports (Peace and Link, 1971) were 

prepared by the U.S. Geological Survey in cooperation with various North 

Carolina state agencies. Included in the 14 reports, which were the main 

sources of data for this report, are maps showing well locations in each 

county and tables of well records providing details of well co:1struction, 

yield, use, topographic setting, water-bearing formation, plus miscellaneous 

notes. 

DESCRIPTION OF THE STUDY AREA 

Physiography 

North Carolina lies in three physiographic provinces of the 

southeastern United States (fig. 3): the Blue Ridge, the Piedmont, and the 

Coastal Plain (Fenneman, 1938). 
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Figure 3.--Physical setting of the ground-water system in North Carolina. 



The Blue Ridge province in western North Carolina contains the greatest 

mountain masses, highest altitudes, and the most rugged topography in 

eastern North America. The province is marked by steep, forest-covered 

slopes cut by numerous small stream valleys. More than 40 peaks are greater 

than 6,000 feet in altitude and another 82 peaks are between 5,000 and 6,000 

feet in altitude (Conrad and others, 1975). The province is bounded on the 

west in Tennessee by the Ridge and Valley province. On the east the 

boundary of the Blue Ridge with the Piedmont province is marked by the 

escarpment of the Blue Ridge front, a prominent topographic feature thought 

in part to be associated with faulting. The Blue Ridge front rises more 

than 1,700 feet above the Piedmont surface at the North Carolina-Virginia 

border and reaches a maximum relief of nearly 2,500 feet in central North 

Carolina. 

The topography of the Piedmont consists of low, well-rounded hills and 

long, rolling, northeast-trending ridges. The tops of many ridges and 

interstream divides are relatively flat. They are thought to be remnants of 

the Piedmont peneplain, an ancient erosional surface of low relief. More 

recent erosion and downcutting by streams has dissected the Piedmont 

peneplain, creating a local topographic relief of 100 to 200 feet between 

interstream divides and stream bottoms. The Piedmont surface is 300 to 600 

feet in altitude along the eastern border and rises gradually to the west to 

about 1,500 feet in altitude at the foot of the Blue Ridge front. 

Scattered across the rolling Piedmont surface are remnants of once 

higher mountains that because of their resistance to erosion stand as much 

as 500 to 1,600 feet above the local land surface. Some form prominent 

lines of hills. Others are isolated hills· and mountains, called monadnocks, 

that stand alone above the Piedmont surface and, although more common in the 

western Piedmont, are found throughout the province. 

The Piedmont is bounded on the east by the Fall Line where the hard 

crystalline rocks of the Piedmont give away to the softer sedimentary rocks 

of the Coastal Plain province. At the Fall Line, the swift-flowing streams 

of the Piedmont enter the Coastal Plain over a zone of rapids and low falls. 
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The Coastal Plain has little relief in contrast to the adjoining 

Piedmont. It is marked by sluggish streams flowing in broad valleys cut 

into predominately sand and clay units that thicken seaward from a feather 

edge at the Fall Line. Along the western edge of the Coastal Plain, the 

sediments are underlain at shallow depth by crystalline Piedmont rocks (fig. 

3). 

Geology 

-The geology of the Piedmont and Blue Ridge is extremely complex. All 

major classes of rocks--metamorphic, igneous, and sedimentary--are 

represented, although metamorphic rocks are the most abundant. The 

metamorphic and igneous rocks range in composition from felsic to ultramafic 

and range in age from Precambrian in the Blue Ridge to Triassic and Jurassic 

in the Piedmont. The metamorphism of the rocks varies in grade from low 

rank to high rank, that is, varying in degree of recrystallization and 

destruction of the original texture; many have been folded and refolded 

during multiple metamorphic and orogenic events. The rocks are broken and 

displaced by numerous faults and zones of shearing, some of which are many 

miles in length. Nearly everywhere are rock fractures without displacement 

called joints. The joints commonly cluster in groups orientated about one 

or more preferred directions. ~ithin the crystalline rocks of the Piedmont 

are downfaulted basins (grabens) filled with sedimentary rocks of Triassic 

age. 

There have been three or more periods of igneous intrusion (Fullagar, 

1971) with the emplacement of plutonic bodies ranging in size from 

batholiths down to dikes, sills, and veins. Most instrusions have been 

metamorphosed, deformed, and fractured, but some are massive and have little 

or no foliation. All rocks have been subjected to uplift, weathering, and 

erosion, which resulted in the widening of fractures and the formation of 

new openings such as stress-relief fractures. These breaks in the otherwise 

solid rock are the conduits for ground-water flow. All of the events and 

processes that are part of the geologic history of the area have given the 

hydrogeologic system properties that control the present-day movement and 

circulation of ground water. 
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·Bedding and planes of metamorphic foliation generally are folded and 

tilted and can have almost any attitude and orientation. Fractures, 

bedding, and foliation create inhomogeneities in the rocks, with the result 

that permeability is usually greatest parallel to bedding and foliation and 

zones of fracture concentration, and least at right angles to the plane of 

these features. 

Bedrock may be exposed at land surface on steep slopes, rugged 

hilltops, or in stream valleys, but nearly everywhere else is overlain by 

unconsolidated material to depths of more than a hundred feet. Collectively 

this unconsolidated material, which is composed of saprolite, alluvium, and 

soil, is referred to as regolith. Saprolite is clay-rich, residual material 

derived from in-place weathering of the bedrock. When the bedrock weathers 

to form saprolite, the relict structures generally_are retained and the 

directional properties of permeability are also retained. In many valleys 

the saprolite has been removed by erosion, and bedrock is exposed or thinly 

covered by alluvial deposits. Soil is nearly everywhere present as a thin 

mantle on top of both the saprolite and alluvium. The water-storing and 

transmitting characteristics of bedrock and regolith and the hydrologic 

relation between them determines the water-supply potential of the ground­

water system in the Piedmont and Blue Ridge provinces. 

Hydrogeologic Units 

Within the Piedmont and Blue Ridge of North Carolina there are hundreds 

of rock units which have been defined and named by various conventions more 

in keeping with classical geol~gic nomenclature than hydrologic terminology. 

The geologic nomenclature does little to' reflect the water-bearing potential 

of the different units. To overcome this shortcoming and to reduce the 

number of rock units to the minimum necessary to reflect the differences in 

water-bearing potential, a classification scheme based ·on origin, 

composition, and texture was devised (table 1). The rationale behind the 

hydrogeologic units shown in table 1 is the hypothesis that these factors 

would be linked not only to a rock's primary porosity but also to its 

susceptibility to the development of secondary porosity in the form of 

10 



Symbol 

IFI 

III 

j. IMI 
· .... : 

MIF 

MII 

MIM 

Table !.--Classification and lithologic description of hydrogeologic units 
in the Piedmont and Blue Ridge provinces of North Carolina 

Hydrogeologic unit 

Igneous, felsic intrusive 

Igneous, intermediate 
intrusive 

Igneous, mafic instrusive 

Metaigneous, felsic 

Metaigneous, intermediate 

Metaigneous, mafic 

Lithologic description 

IGNEOUS INTRUSIVE ROCKS 

Light-colored, mostly granitic rocks, fine- to coarse-grained, some 
prophyritic, usually massive, locally foliated; includes granite, 
granodiorite, quartz diorite, quartz monzonite, alaskites. 

Gray to greenish-gray, medium- to coarse-grained, massive rocks of 
dioritic composition; includes assemblages of closely associated 
diorite and gabbro where they are too closely associated to be mapped 
separately. 

Dark-greenish-gray to black, medium- to coarse-grained instrusive 
bodies; primarily gabbroic in composition, includes closely associated 
gabbro and diorite where they are too closely associated to be mapped 
separately, ultramafic rocks, diabase, dunite. 

METAMORPHIC ROCKS 

Metaigneous Rocks (Intrusive) 

Light-colored, massive to foliated metamorphosed bodies of varying 
assemblages of felsic intrusive rock types; local shearing and jointing 
are common. 

Gray to greenish-gray, medium- to coarse-grained, massive to foliated, 
well-jointed, metamorphosed bodies of dioritic composition. 

'· 

Massive to schistose greenstone, amphibolite, metagabbro and metadiabase, 
may be strong!'y sheared and recrystallized; metamorphosed ultramafic 
bodies are often strongly foliated, altered to serpentine, talc, 
chlorite-tremolite schist and gneiss. 



•':· 

~-·. 

.. 

·~· 

Symbol 

Table !.--Classification and lithologic description of hydrogeologic units 
in the Piedmont and Blue Ridge provinces of North Carolina--Continued 

Hydrogeologic unit Lithologic description 

Metavolcanic Rocks (Extrusive-Eruptive) 

MVF · Metavolcanic, felsic Chiefly dense, fine-grained, light-colored to greenish-gray felsic tuffs 

MVI 

MVM 

MVE 

Metavolcanic, intermediate 

Metavolcanic, mafic 

Metavolcanic, epiclastic 

Metavolcanic, 
undifferentiated 

and felsic crystal tuffs, includes interbedded felsic flows. Felsic 
lithic tuffs, tuff breccias, and some epiclastic rocks; recrystallized 
fine-grained groundmass contains feldspar, sericite, chlorite, and 
quartz. Often with well-developed cleavage, may be locally sheared; 
phyllitic zones are common throughout the slate belt. 

Gray to dark-grayish-green tuffs and crystal tuffs generally of andesitic 
compostion; most with well-developed cleavage; also includes interbedded 
lithic tuffs and flows of probable andesitic and basaltic composition, 
and minor felsic volcanic rocks. 

Grayish-green to dark-green, fine- to medium-grained andesitic to 
basaltic tuffs, crystal tuffs, crystal-lithic tuffs, tuff breccias and 
flows; pyroclastic varieties may contain lithic fragments; usually 
exhibits prominent cleavage; alteration minerals include chlorite, 
epidote, calcite, and tremolite-actinolite. 

Primarily coarse sediments including interbedded graywackes and arkoses 
with minor conglomerates, interbedded argillites and felsic volcanic 
rocks; much of the sequence is probably subaqueous in origin and most 
of the rocks were derived from volcanic terraines. 

Volcanic rocks of all origins (extrusive and eruptive) and compositions 
(felsic to mafic) interbedded in such a complex assemblage that mapping 
of individual units is not practical. 

'· 



Symbol 

ARG 

GNF 

GNH 

MBL 

PHL 

QRZ 
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Table !.--Classification and lithologic description of hydrogeologic units 
in the Piedmont and Blue Ridge provinces of North Carolina--Continued 

Hydrogeologic unit 

Argillite 

Gneiss, felsic 

Gneiss, mafic 

Marble 

Phyllite 

Quartzite 

Lithologic description 

Metasedimentary Rocks 

Fine-grained, thinly-laminated rock with prominent bedding plane and 
axial plane cleavage; locally includes beds of mudstone, shale, thinly­
laminated siltstone, conglomerate, and felsic volcanic rock. 

Mainly granitic gneiss; light-colored to gray, fine- to coarse-grained 
rocks, usually with distinct layering and foliation, often interlayered 
with mafic gneisses and schists. 

Mainly biotite hornblende gneiss; fine- to coarse-grained, dark-gray to 
green to black rock, commonly with distinct layering and foliation, 
often interlayered with biotite and hornblende gneisses and schists, 
and occasional amphibolite layers. 

Fine- to medium-grained, recrystallized limestone and dolostone; found 
primarily in the Blue Ridge belt. 

Light-gray to greenish-gray to white, fine-grained rock with well 
developed cleavage; composed primarily of sericite but may contain 
chlorite; phyllitic zones are common throughout the slate belt and 
probably represent zones of shearing although displacement of units is 
usually not recognizable. 

Metasandstone, often feldspathic to highly feldspathic, thin- to thick­
bedded with occasional graded bedding, includes meta-arkose and 
metaconglomerate; often interbedded with mica schist, phyllite, and 
slate . 

· .. 
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SCH 

SLT 

~I 

CPL 

i . 

Table !.--Classification and lithologic description of hydrogeologic units 
in the Piedmont and Blue Ridge provinces of North Carolina--Continued 

Hydrogeologic unit 

Schist 

Slate 

Triassic sedimentary 
rocks 

Coastal Plain basement 

Lithologic description 

Schistose rocks containing primarily the micas muscovite or biotite or 
both, occasional sericite and chlorite schists; locally interlayered 
with hornblende gneiss and schist, commonly with distinct layering and 
foliation. 

Fine-grained metamorphic rock formed from such rocks as shale and 
volcanic ash, possesses the property to part along planes independent 
of the original bedding (slaty cleavage). 

MISCELLANEOUS 

Mainly redbeds, composed of shale, sandstone, arkose, and conglomerate 
(fanglomerate near basin margins). 

Undifferentiated crystalline basement rocks of igneous and metamorphic 
or1g1n overlain unconformably by sedimentary sands, gravels, clays, and 
marine deposits. 

' '· 



fractures and solution openings. The composition and texture would also 

determine, in part, the rate and depth of weathering of these units and the 

water-bearing properties of the resulting regolith. 

The origin of the hydrogeologic units is indicated by the rock class 

(igneous, metamorphic, or sedimentary) or subclass (metaigneous, 

metavolcanic, or metasedimentary). The composition of the igneous, 

metaigneous, and metavolcanic rocks is designated as felsic, intermediate, 

or mafic exc~pt for the addition in the metavolcanic group of epiclastic 

rocks and compositionally undifferentiated rocks. These last two groups 

were necessary because of the significant areas of epiclastic rocks where 

reworking by sedimentary processes and admixture of terrigenous sediment 

during deposition made the rocks texturally distinct and the other areas 

where the complex and small-scale stratigraphic changes made differentiation 

of separate units impractical. Composition is also shown in the 

metasedimentary units of gneiss, marble, and quartzite. The other meta­

sediments are designated primarily on the basis of texture (grain size, 

degree of metamorphism, and development of foliation). 

The two miscellaneous classifications account for the sedimentary rocks 

within the Triassic basins and the undifferentiated crystalline basement 

rocks east of the Fall Line that are overlain unconformably by sediments of 

Cretaceous age and younger. 

Using this classification scheme (table 1) and the most recent geologic 

maps available (fig. 4), a hydrogeologic unit map was compiled for the study 

area. Part of this map for Guilford and Alamance counties in the north­

central Piedmont· (fig. 1) is shown in figure 5. Well-location maps were 

later superimposed on this hydrogeologic unit map and the units 

corresponding to the well locations were coded and entered into a 

computerized data file for analysis to determine the well yields in each 

unit. 
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Rankin and others, 1972 k. Wilson, 1979 
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Figure 4.--Areas of geologic maps used in compilation of the hydrogeologic unit map of 
the Piedmont and Blue Ridge provinces • 
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Figure 5.--Hydrogeologic unit map of Guilford and Alamance Counties and vicinity in the 
north-central Piedmont of North Carolina. 



Geologic Belts and Terranes 

The Piedmont and Blue Ridge have been divided into a number of 

northeast-trending geologic belts (fig. 6). Within a belt, rocks are in 

some degrees similar to each other with respect to general appearance, 

metamorphic rank, structural history, and relative abundance of igneous, 

metaigneous, metasedimentary and metavolcanic rocks (Butler and Ragland, 

1969). Areally, the most significant are the Blue Ridge, Inner Piedmont, 

Charlotte, Carolina slate, and Raleigh belts. Two geologic terranes 

important to this study have been added to the generally recognized belts. 

These are the Triassic basins and the Coastal Plain immediately east of the 

Fall Line. A brief summary of the belts and the hydrogeologic units that 

comprise the belts is given in table 2. Wells tapping rocks within these 

belts and terranes were analyzed to determine well yields within each area. 

COMPILATION OF THE DATA BASE AND STATISTICAL PROCEDURES 

Information on 6,224 wells was compiled from published sources (fig. 2) 

and statistically analyzed to identify relations between well yield and 

various geologic, topographic, and construction factors. This compilation 

contained well records from every county in the 65-county study area and 

included 419 wells that derive water from crystalline rocks buried beneath 

the thin sedimentary ccver along the western edge of the Coastal Plain 

(fig. 3). 

Information Categories in the Data Base 

Specific types of information categories (variables) in the data base 

included: (1) the county where the well is located, (2) the published well 

number, (3) the total depth -of the well, (4) well diameter, (5) casing 

depth, (6) static water level below land surface, (7) yield, (8) intended 

use when drilled, (9) the topographic setting of the well site, (10) the 

hydrogeologic unit into which the well is drilled; (11) the geologic belt or 

terrane in which the hydrogeologic unit is found, and (12) the reference to 
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Figure 6.--Geologic belts, terranes, and some major structural features within the 
Piedmont and Blue Ridge provinces of North Carolina. 
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Table 2.--Geologic belts and terranes of the Blue Ridge, Piedmont, 
and Coastal Plain provinces of North Carolina 

Belt or terrane 

Murphy belt 

Blue Ridge belt 

Chauga belt 
(includes Brevard 
fault zone) 

Inner Piedmont belt 

Smith River 
allocthon 

Sauratown Mountains 
anticlinorium 

Kings Mountain belt 

Charlotte belt 

Letter 
designation 

MU 

BR 

CA 

IP 

SR 

SA 

KM 

CH 

Boundaries 

Surrounded by metasedi­
mentary rocks of Blue 
Ridge belt 

Sedimentary rocks of Ridge 
Ridge and Valley on north­
west and Brevard fault 
zone on southeast 

Blue Ridge belt on north-
west, Inner Piedmont on 
southeast 

Chauga and Blue Ridge 
belts on northwest, Kings 
Mountain and Charlotte 
belts on southeast 

Blue Ridge belt on north-
east and Sauratown Moun-
tains anticlinorium on 
southeast 

Smith River allocthon on 
northwest, Inner Piedmont 
belt on southwest, and 
Dan River Triassic basin 
and Milton belt on south-
east 

Inner Piedmont belt on 
northwes·t and Charlotte 
belt on southeast 

Kings Mountain and Inner 
Piedmont belts on north-
west, Milton belt on north, 
Gold Hill shear zone and 
Carolina slate belt on 
southwest. 

20 

Dominant 
hydrogeologic 

units 

SCH, SLT, MBL 

GNF, GNM, SCH, 
QTZ, PHL 

GNF, GNM 

GNM, MIF 

GNF 

GNM, GNF, QTZ 

SCH, MIF, GNF 

MII, MIF, MIM, 
IF!, MVU 
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Table 2.--Geologic belts and terranes of the Blue Ridge, Piedmont, 
and Coastal Plain provinces of North Carolina--Continued 

Belt or terrane 

Milton belt 

Gold Hill shear zone 

Carolina slate belt 

Raleigh belt 

Triassic basins 

Coastal Plain 

Letter 
designation Boundaries 

MI Igneous and metaigneous 
rocks of Charlotte belt 
on south, Carolina slate 
belt on southeast, Dan 
River Triassic basin and 
Sauratown Mountains anti­
clinorium on northwest 

Dominant 
hydrogeologic 

units 

GNM, GNF 

GH Metavolcanic and metaig- PHL 

cs 

RA 

TR 

CP 

neous rocks of Charlotte 
belt on northwest and meta­
~olcanic rocks of Carolina 
slate belt on southeast 

Gold Hill, Charlotte, and 
Milton belts on northwest, 
Coastal Plain on southeast 

Bordered by Carolina slate 
belt rocks on east and 
west, Coastal Plain 
sediments on the south· 

Several bodies of sedi­
mentary rock downfaulted 
into the metamorphic 
crystalline rocks of the 
Piedmont 

Western edge of Coastal 
Plain province 

21 

ARG , MVE, MVU 
in squthwestern 
half of belt-­
MVF, ARG, MVU, 
MIF, Mil in 
northeastern 
half of belt 

MIF, GNF, SCH 

TRI 

CPL 
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the published report from which the well record was obtained. The total 

number of entries for each variable is shown in table 3. 

For 

Table 3.--Total number of entries for each variable 
in the water-well data base 

Variable 

County 
Well number 
Total depth 
Well diameter 
Casing depth 
Static water level 
Yield 
Use 
Topographic setting 
Hydrogeologic unit 
Geologic belt 
Reference 

inclusion in the data base a well 

Total number of 
data entries 

had 

6,224 
6,224 
6,204 
6,060 
4,038 
3,130 
6,224 
6,205 
5,234 
6,224 
6,224 
6,224 

to satisfy 

requirements. The well had to be drilled into bedrock and the 

location had to be known. All wells in the resulting compilation 

certain 

yield and 

are cased 

to the top of bedrock, have no screened or slotted intervals in the 

regolith, and nearly all are finished as open holes drilled into bedrock. A 

small number of wells included in the data base have casing, slotted 

casing, or screen extending into-bedrock to prevent fragmental rock debris 

from entering the well bore. An extreme example is a well which is 600 feet 

deep and is cased to the bottom of the hole. No other well has more than 

300 feet of casing and only 157 wells, or 2.5 percent, are cased to within 

the bottom 5 feet of the well. 

The wells range in diameter from 1.25 to 15 inches, and most (69 

percent) of the wells have diameters between 5.5 and 6.5 inches. Only t~o 

drilled wells were as large as 15 inches. 
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Large-diameter bored or dug wells were not included in the compilation 

because these wells are not typical of modern well construction. Nearly all 

new wells in the Piedmont and Blue Ridge are drilled by air rotary methods. 

Further, large-diameter wells are rarely dug below the top of bedrock and do 

not represent attempts to obtain quantities of water beyond that necessary 

for domestic supplies. 

Transparencies were made of well-location maps given in the published 

sources (fig. 2) and overlayed on maps of the hydrogeologic units and 

geologic belts in order to assign the wells to the units and belts in which 

they occur. The hydrogeologic units reported in these publications were not 

entered into the data file because of the conflicting variety of names and 

naming conventions used by the many authors. The reported hydrogeologic 

units were not ignored, however. If a well was located on or near a contact 

between units used in this report, the published description helped guide 

the choice in the assignment of the unit and in some places pointed out the 

need for revisions to the hydrogeologic unit map. The published reports 

also were used to identify wells drilled into diabase dikes. Diabase dikes 

are common in the Piedmont (Reinemund, 1955; Weigand and Ragland, 1970; 

Ragland and others, 1983), but generally are too narrow to accurately 

correlate with well locations at the scale of the maps being used. Wells 

drilled into diabase dikes are included in the igneous, mafic intrusive 

(IMI) hydrogeologic unit. Using a combination of the new maps and the 

published descriptions, each well in the data base subsequently was assigned 

to one of the 21 hydrogeologic units. 

All data related to well construction, yield, topographic setting, and 

static water level were entered as reported. The intended use of each well 

was inferred from the listed owner and other information in the remarks 

column of 

categories: 

wells serve 

the well-record tables. Wells were placed in one of three use 

domestic, commercial-industrial, and public supply. Domestic 

single family residences or, at most, a small number of homes. 

The commercial-industrial category includes wells that serve businesses 

ranging in size from large mills and factories down to service stations and 

small shops. Public-supply wells serve municipalities, subdivisions, 

trailer parks, hospitals, churches, campgrounds, and other facilities having 

a relatively large number of users. 
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Every item of information was not available for every well. The static 

water level had the least number of data entries, being reported for 

slightly more than one-half of the wells. The second smallest number of 

entries was for casing depth, with less than two-thirds of the well records 

having this information. The other variables had much more complete 

records. The effect of these incomplete records will be seen in the 

statistical analyses that follow, especially for computations that are based 

on more than one variable. For example, in a calculation of yield per foot 

of well depth by topographic setting, the variables yield, depth, and 

topographic setting had 6,224, 6,204, and 5,234 data entries, respectively. 

Yet the final computation was based on the 5,221 wells for which all three 

items of information were available. This was generally the patte~n. with 

the final computation based on no more than, and commonly fewer observations 

than the smallest number of variable entries. 

Statistical Procedures 

The data were statistically analyzed using programs developed by the 

SAS Institutel/ (SAS Institute, Inc., 1982a) and available on the U.S. 

Geological Survey computer system in Reston, Virginia. The most commonly 

used SAS procedures were SORT, UNIVARIATE, RSQUARE, GLM, and ANOVA. 

The SORT procedure (SAS Institute, Inc., 1982a) is a SAS utility 

procedure which sorts observations in a data set by one or more variables. 

In this study, the SORT procedure was used to sort the well data by 

topographic position, use,. hydrogeologic unit, and geologic belt so that 

statistics could be computed for the sorted groups of data. 

The UNIVARIATE procedure (SAS Institute, Inc., 1982a) produces simple 

descriptive statistics including the mean, median, range, standard 

deviation, and quantiles for numeric variables. 

1/use of firm and trade names in this report is for identification pruposes 
only and does not constitute endorsement by the U.S. Geological ~urvey. 

24 

• 

.·;_. 



A SAS procedure called RSQUARE (SAS Institute, Inc., 1982b) was used 

for regression analysis 

fitted to the data 

because it allows many possible regressions to be 

and systematically analyzed to identify those 

combinations of variables which best explain the variation in the data. 

Those variables which repeatedly appeared in the models offering the highest 

r-square were further tested using SAS procedure GLM (General Linear Models) 

(SAS Institute, Inc., 1982b) which uses the method of least squares to 

determine regression coefficients, intercepts, and statistical properties of 

the models being tested. 

Analysis-of-variance tests using the procedure ANOVA (SAS Institute, 

Inc., l982b) were made of the data in the topographic classifications, 

hydrogeologic unit classifications, and geologic belt classifications to 

determine if any of the apparent differences, or lack of differences, in 

mean values are statistically valid. Because the sample cells have unequal 

numbers of observations, Tukey's studentized range test, honestly 

sign1ficant difference (HSD) procedure (Steel and Torrie, 1960, p. 109-110), 

was used to make the multiple comparisons and test for significant 

differences c.t the 0.95 confidence level. Unequal cell size was not the 

only reason for using Tukey's procedure. It is also a conservative test 

compared to other procedures such as Duncan's multiple-range test (Steel and 

Torrie, 1960, p. 107-109) (which is most effective with samples of equal 

cell size) a~d controls for the experiment-wise error rate rather than on a 

per-comparison basis. As a result, there is less chance that Tukey's 

procedure will declare some differences between means to be significant even 

when the mean£ are a homogeneous set. 

Duncan's multiple range test and the Duncan-Waller k-ratio t-test were 

also attempted on data sets manipulated to generate equal cell sizes. Equal 

cell sizes were generated by taking the percentile values of frequency 

distributions of data within a sample cell; this produced cells containing 

100 observations. This transformation worked well for sample cells having 

large numbers of observations in a distribution that was not excessively 

skewed (skewness less than 4.0) and with similar values of skewness. When 

these two conditions were not met, the cell mean from the frequency 
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distribution was different from the cell mean of the raw data. Because of 

this problem the analysis-of-variance tests using Duncan's method and the 

Duncan-Waller method produced inconsistent results, although a pattern 

usually emerged which was similar to the results from Tukey's procedure. 

Because of the properties of Tukey's procedure, the nature of the data being 

tested, and for overall consistency, Tukey's HSD procedure was used for all 

analysis-of-variance tests described in this report. Further discussion of 

analysis of variance, including Tukey's HSD procedure, can be found in Steel 

and Torrie (1960) and SAS Institute, Inc. (1982b). 

RELATION OF WELL YIELD TO CONSTRUCTION PRACTICES AND SITING OF WELLS 

Results of the Analysis 

The first group of statistics, presented in table 4, characterize the 

wells in the study area with regard to their physical and hydrologic 

characteristics. In the left half of the table, the mean and median values 

of these characteristics are shown for wells in each of six topographic 

settings. The topographic settings are ·arranged in order of decreasing 

average (mean) yield. The statistics of well·characteristics in the six 

topographic settings can be compared to statistics computed for all wells in 

the sample that are given in the right half of the table, which defines the 

frequency at which a given value of a well characteristic can be expected to 

occur. At the first quartile, 25 percent of the wells in the sample have 

' 

l 

values that fall below the given value; at the median or second quartile, :4 
half the wells have values below the given value; at the third quartile, 75 

percent of the wells fall below the giv~n value; and at the ninth dectile, 

90 percent of the wells are below the given value. 

The yield per foot of well depth and saturated thickness of regolith 

are computed characteristics. The yield per foot is the yield divided by 

the total depth of the well. The saturated thickness of regolith is the 

difference between the depth of casing and the depth of the static water 

level. If the water level in a well was below the bottom of the casing, the 

saturated regoli-th thickness of that well was considered to be zero. 
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Table 4.--Average and median values of selected well characteristics according to 
topographic setting compared to statistics for all wells 

Topographic setting 
Well characteristic 

Draw Valley Slope Flat 

1/ Average yield - 33.3 25.7 17.1 16.8 
(gallons per minute) 

Median yield 20 15 10 10 
(gallons per minute) 

Average yield per foot .220 .205 .128 .131 
(gallons per minute per foot) 

Median yield per foot . 154 .143 .082 .083 
(gallons per minute per foot) 

Average depth 175.1 157.8 152.6 150.0 
(feet) 

Median depth 134 104 118 119 
(feet) 

Average casing 52.!, 49.0 53.6 55.0 
(feet) 

Median casing· 46 40 47 50 
(feet) 

Average water level 24.3 18.6 32.3 28.6 
(feet below land surface) 

Medl~n water level 20 15 28 25 
(feet below land surface) 

Average saturated thickness 31.7 35.4 23.6 27.5 
of regolith (feet) 

Median saturated thickness 25 29 14 19 
of regolith (feet) 

!J Unadjusted for differences in depth and diameter . 

Hill Ridge Average 

10.8 9.7 17.2 

6 6 

.093 .086 . 1)1 

.056 .058 

150.2 153. l 154.0 

117 112 

51.2 57.2 52.9 

43.5 42 

38.6 43.6 32.2 

34 40 

20.5 18.4 24.8 

9 10.5 

First 
Quartile 

5 

.038 

85 

28 

18 

0 

All wells 

Median 

10 

.080 

119 

45 

28 

15 

Third Ninth 
Quartile Dectile 

20 36 

.165 .300 

179.5 297.4 

70 97 

40 60 

40 65 

. ' 

Number 
of wells 

5,234 

5,234 

5,221 

5,221 

5,221 

5,221 

3,375 

3,375 

2,825 

2,825 

2.161 

2,161 



In the computation of the saturated thickness of regolith, casing depth 

was used to estimate regolith thickness. The depth of surface casing in a 

drilled well is a good approximation of regolith thickness in the Piedmont 

and Blue Ridge (Daniel and Sharpless, 1983; Snipes and others, 1983). 

Surface casing is usually set no more than 1 or 2 feet into fresh bedrock, 

just below the interface between it and the overlying regolith. Wells 

drilled in North Carolina since passage of the North Carolina Well 

Construction Act of 1967 (Heath and Coffield, 1970), however, are required 

to have a minimum of 20 feet of casing, regardless of how shallow the 

bedrock may be. Casing data from these wells can lead to overestimated 

regolith thickness. Fortunately, from a statistical standpoint, many of the 

records used in this study were for wells drilled prior to 1967. Records of 

casing depths as shallow as 1 foot for wells on bare-rock exposures are 

included in the data compilation. These data better reflect the natural 

range of depths to bedrock and thus provide for a more accurate 

approximation of regolith thickness. 

The data in table 4 show a general pattern of decreasing yield, yield 

per foot, and saturated thickness of regolith at higher topographic settings 

(ridges and hilltops). The depth to the water table follows the opposite 

pattern. The amount of casing and the well depth do not show any apparent 

relation to topographic setting except that wells in draws average 17 to 25 

feet deeper than wells in other topographic positions. 

Analysis-of-variance tests of the data in the six topographic settings 

of table 4 were made in two steps, first on the data in the six settings and 

then on grouped data where significant differences were not found. In the 

first analysis, casing depth wa~ not statistically different in any of the 

six topographic settings. The average depths for wells on slopes, flats, 

hills, and ridges were also statistically the same. The yield and depth of 

wells located in draws was statistically different (greater) from the 

yield and depth of wells located in valleys and other topographic settings. 

The remainder of the data tended to cluster in three topographic groups made 

up of those wells in draws and valleys, on slopes and flats, and on hills 

and ridges. It is important to point out that analysis-of-variance tests on 
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yield per foot data indicates that wells in draws and valleys are 

statistically one group, because of adjustment of the yield to account for 

the differences in well depth in these two topographic settings. This 

finding is also an indication of the relation between well yield and well 

depth which will be described in more detail. 

In the second part of the analysis, the data were merged according to 

the three principal topographic groups identified in the first part of the 

test. Analysis of variance on the grouped data still found no difference in 

casing depth, nor did well depths on slopes and flats differ from well 

depths on hills and ridges. Because the statistical tests showed that the 

yield per foot was the same for wells in draws and valleys, the yield and 

depth data for wells in these settings were combined. The remainder of the 

data fell into one of the three topographic groups and were statistically 

distinct from the other groupings for a given variable. Yields of wells in 

draws and valley average nearly three times the yields of wells on hills and 

ridges. The highest yielding wells also were the wells having the greatest 

saturated thickness of regolith and the highest water level. 

Statistics showing the depth to the water table, casing depth, and 

saturated thickness of regolith for various topographic settings in the 

three physiographic provinces in the study area are given in table 5. The 

influence of topography on the depth to the water table is apparent. The 

effect of the higher relief and more rugged topography in the Blue Ridge is 

reflected by the greater depths to the water table than in comparable 

topographic settings in the Piedmont. An unexpected finding is the 

similarity of the saturated thickness of regolith in the Piedmont and Blue 

Ridge. This may be due in part to compensating conditions created by 

differences in rainfall and relief in the two provinces. Generally, there 

is more rainfall and more ground-water recharge in the Blue Ridge than in 

the Piedmont. But there also is greater relief and presumably steeper 

ground-water gradients in the Blue Ridge which results in greater ground­

water discharge. Although there is less rainfall in the Piedmont (Eder and 

others, 1983), the lower relief results in lesser rates of ground-water 

discharge. Thus, the amount of ground water in long-term storage in the two 

provinces is roughly equal. 
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Table 5.--Summary statistics defining depth to water, casing depth, and saturated thickness of regolith 
according to topographic group in the Blue Ridge and Piedmont physiographic provinces 

[Statistics for wells penetrating bedrock beneath the western edge 

Well characteristic 

Draws and 
valleys 

Average water level 23.4 
(feet below land surface) 

Median water level 18 .. 
(feet below land surface) 

Average casing 
(feet) 

50.1 

Median casing 43 
(feet) 

Average saturated thickness 32.2 
of regolith (feet) 

Median saturate~ thickness 28 
of regolith (feet) 

of the Coastal Plain sediments are given for comparison.] 

Blue Ridge Piedmont 

Slopes and Hills and All Number Draws and Slopes Hills and All 
flats ridges wells of wells valleys and flats ridges wells 

37.5 62.9 37.1 507 22.1 29.3 36.8 31.3 

35 50 30 507 20 25 32 27 

57.7 66.1i 56.8 698 52.7 53.2 50.0 52.0 

55 60 53.5 698 45 46 41 44 

27.6 20.8 28.0 422 33.6 24.6 20.4 24.0 

20 10 20 422 28 15 9 13 

1/Topography of bedrock surface cannot be determined. Influence of topography on well yield in Coastal Plain is unknown . 

Coastal Plain 1/ 

Number All 
of wells wells 

2,326 18.8 

2,326 15 

2,685 71.7 

2,685 63 

1,749 47.7 

1,749 44.5 

Number 
of wells 

145 

145 

293 

293 

112 

112 



Although the data for casing depth in table 4 indicate little 

difference between wells in different topographic settings when the study 

area is considered as a whole, the data in table 5 show that there is an 

increase in casing depth at higher topographic settings in the Blue Ridge. 

For wells in the Piedmont, there is no apparent relation between casing 

depth and topographic setting. This difference may be due to the greater 

relief in the Blue Ridge. 

In relation to use (table 6), more than one-half the wells in draws 

were commercial-industrial or public supply, and nearly one-half the wells 

in valleys were in the same two use categories. At the other topographic 

extreme, more than 80 percent of the wells on hills and ridges were domestic 

supply wells. The yields of domestic wells average about one-third the 

yields of the commercial-industrial and public-supply wells and are about 

100 feet shallower.· Information on well diameter (not shown) also indicated 

that domestic-supply wells had the smallest average diameters and public­

supply wells had the largest. Fewer than 2 percent of domestic wells were 8 

inches in diameter or larger, whereas 20· percent of the commercial­

industrial and 26 percent of the public-supply wells were 8 inches or 

larger. The implication of the data in this table is that public-supply and 

commercial-industrial wells are more likely to be sited and constructed in 

an effort to obtain as much water as possible whereas many domestic wells 

are at sites on hills and ridges selected for setting and view. Also, many 

secondary roads tend to follow the low ridgelines and drainage divides 

connecting the better drained agricultural land, and many rural homesites 

are near these roads. 

The summary statistics strongly suggest a relation between well yield 

and well depth and diameter, and a definite relation between topographic 

group and several well characteristics, including yield, as well as an 

apparent cultural bias in the siting and construction of wells related to 

the intended use of the well. 

It is possible that the relation of well yield to rock type, which has 

been described by many past authors, also could be distorted by cultural 

bias in siting and construction. For example, in the upper Cape Fear River 

31 

• 



Table 6.--Relation of selected well characteristics to the use of the well 

Statistical summary of well characteristics according to use 
Percentages of wells according to use in 

selected topographic settings 
Use of well Average Average Average Average Average 

yield yield/foot depth casing water level Number 
Draw Valley Slope Flat Hill Ridge (gal/min) (gal/min)/ft (feet) (feet) (feet) of wells 

VJ 
!'-) 

Domestic 47.5 54.5 71.5 72.0 82.0 83.6 11.6 0.117 123.6 51.8 30.8 4,408 

Commercial/industrial 31.0 27.9 13.8 12.5 7.8 3.3 27.7 . 161 216.5 60.9 31.2 872 

Public 21.5 17.6 14.7 12.5 10.2 13.1 33.9 . 171 229.8 69.2 34.7 905 

• 



------------------------------ --

basin, as described by Daniel and Sharpless (1983), the most productive rock 

unit is the mafic-volcanics unit. They showed a concentration of high-yield 

wells in central and northwestern Alamance County coinciding with the area 

underlain by the mafic-volcanics. Historically, this area has been a major 

center of textile manufacturing and has a number of factories and mills. 

The smaller towns have public water systems furnished by wells and many of 

the mills have, or have had, their own ground-water supply system. Thus, 

the area underlain by the mafic-volcanics unit may have appeared to be the 

most productive simply because it contained more large-diameter, deep wells 

than any other area in the basin. 

The relation between well yield and well depth and diameter is 

indicated in figu~e 7, where average yield, average depth, and average yield 

per foot of well depth are shown for wells of different diameters. The 

diameters are subdivided into l-inch intervals; the actual diameters of the 

6,074 wells summarized in figure 7 range from 1.2 inches to 12 inches. The 

significance of figure 7 is the systematic increase in yield and yield per 

foot that coincides with an increase in depth and diameter. 

To better define the nature of the interactions indicated in figure 7' 

least squares regression analysis was employed. Yield and yield-per-foot of 

well depth were treated as dependent variables to be explained in terms of 

well depth and well diameter with the additional factor of topographic 

setting to be 

terms based on 

considered. Including depth and diameter and interaction 

depth and diameter, a total of 20 potential variables were 

tested in model combinations containing from two to six variables in any one 

model. The models finally identified as having the best properties and best 

predictive capabilities contained three .variables. Models containing 

additional variables were only increasingly complex without offering much 

more in predictive capability. The variance in the model of yield versus 

depth and diameter was reduced by subsetting the data according to the three 

topographic groups identified earlier and recomputing the regression 

coefficients to produce three regression equations of the general form: 

yield 2 a - b(depth) + c(depth x diameter) 

where a, b, and c are regression coefficients. 
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40 60 

0.148 

80 
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N = 6074 

Average yield 17.0 gallons per minute 

Average yield per foot 0.131 gallons per minute per foot 

Average depth 151.9 feet 

100 120 

AVERAGE YIELD, IN GALLONS PER MINUTE 

Figure 7.--Variation of average yield, average depth, and average yield per foot 
of well depth with wellbore diameter. 



The regression equations and contour plots of the trend surfaces 

defined by these equations are shown in figures 8, 9, and 10. The contour 

plots are limited to the range of known data. There are no small-diameter 

wells in the data set deeper than the no-data boundary. The deepest well in 

the data set is a 6-inch diameter well that is 1,301 feet deep. A number of 

larger diameter wells in the data set are nearly as deep. The shallowest 

well is 20 feet deep and 6 inches in diameter. 

Information contained in figures 8, 9, and 10 represents several 

significant new findings regarding drilled wells in the crystalline rocks of 

the Piedmont and Blue Ridge. The surfaces shown in these illustrations 

represent the best average fit through yield data that has considerable 

variation at any given point. That is, for a point on either of the three 

contour plots there may be several wells of the same depth and diameter, all 

with different yields. This is important in interpreting the significance 

of the axes of the yield surfaces and why the average yield for wells of a 

given diameter decreases to the right of the yield-surface axes. Take for 

example, a point on the surface of figure 9 (wells on slopes and flats) 

representing a well depth of 525 feet and a diameter of 6 inches. The 

predicted average yield at this point, which also is on the yield-surface 

axis, is 32 gal/min. If a 6-inch well were drilled to this depth and had no 

water, two things could be done: stop or drill deeper. If drilling were 

stopped, that zero yield would be averaged with the yields of all other 6-

inch, 525-foot wells, which will average about 32 gal/min. If the well is 

drilled deeper and finally obtains water, the yield of that well averaged 

with other wells of the same depth will be less than at the yield-surface 

axis. Thus, for a given diameter well, the yield-surface axis represents 

the depth at which the maximum average yiel~ will be obtained. Beyond the 

depth indicated by the axis, the chances of obtaining significant amounts, 

or additional amounts, of water decrease rapidly. 

This is perhaps better illustrated by figure 11 which is in effect a 

cross section of figures 8, 9, and 10. The figure is for a narrow range of 

well diameters, average 6 inches, arid shows the average yield and yield per 

foot for wells in intervals of well depth. The large data base of wells 
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having diameters between 5.5 and 6.5 inches provides a sufficient number of 

wells in each depth interval to give a consistent picture and reduce 

scatter. A maximum average yield is reached in the interval between 500 and 

550 feet (fig. 11), which is the approximate location of the yield-surface 

axes for 6-inch wells in figures 8, 9, and 10. The likelihood of obtaining 

significant additional quantities of water from 6-inch diameter wells 

decreases rapidly below depths of 550 feet. However, the increase in yield 

with increasing depth (up to the optimum depth) does not occur in proportion 

to depth but actually decreases as the ratio to depth. 

By subsetting the well data by topographic groups, the regression 

analysis has resulted in three graphs (figures 8, 9, and 10) that at any 

well depth and diameter reta_ins the relative magnitudes of yields identified 

in table 4. At any position on the graphs, the average yield for wells in 

valleys and draws is nearly three times the yield for wells on hills and 

ridges. The yield for wells on slopes and flats falls in between. Although 

there are differences in yield, the yield-surface axes of the three contour 

plots are nearly coincident, suggesting that topography may have little 

effect on the depth at which the maximum average yield is attained. The 

real significance lies in the position and shape of the yield-surface axes 

which indicate that (1) well yield increases with depth to a much greater 

depth than previously thought, and (2) well yield increases dramatically as 

well diameter increases. The curvature of the yield-surface axes shows that 

depth is still a limiting factor, especially at depths greater than 500 to 

600 feet as the axes of the yield surfaces rapidly curve away from the depth 

axes. However, the maximum average yield for 12-inch wells is reached 

between 700 and 800 feet. This is much deeper than previously thought. 

Cressler and others (1983) recently desc.ribed similar large-diameter, deep, 

high-yield wells from the Piedmont of Georgia. Even the depth at which 6-

inch wells reach their maximum average yield (about 500 feet) is 200 feet 

deeper than is usually recognized in the literature (LeGrand, 1967; Snipes 

and others, 1983). 

Although the regression analysis indicates that average well-yields 

continue to increase at greater depths than previously thought, perhaps the 
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most interesting finding is the dramatic increase in average yield with an 

increase in well diameter. The effectiveness of increasing well diameter as 

opposed to drilling to greater depths is illustrated in figure 12, which is 

the result of a regression analysis of yield per foot versus well depth and 

diameter. The equation was derived in the same manner described earlier for 

the yield versus well depth and diameter relations. For a well of a given 

diameter the yield per foot of hole is inversely proportional to the depth 

of the well, indicating that the amount of additional water obtained by 

drilling deeper is continuously decreasing. For wells of the same depth, 

however, increases in diameter are directly proportional to increases in 

yield per foot of well. 

Well Yields by Hydrogeologic Unit 

Well yields were matched to rock types to determine the relative yields 

of the different hydrogeologic units. The yield data were simultaneously 

sorted by topographic group to compare the relative importance of 

hydrogeologic unit versus topography as a consideration in selecting sites 

for wells. 

hydrogeologic 

is strongly 

cultural bias 

The results of these computations to compare yield, 

unit, and-topography are presented in table 7. Because yield 

influenced by well depth and diameter, which could lead to 

favoring one hydrogeologic unit over another, a series of 

calculations was performed to remove the variation in well yield attributed 

to differences in depth and diameter. Using the equations (figs. 8, 9, and 

10) relating well yield to depth and diameter for the three major 

topographic groups, the well yields were adjusted to an average 154-foot 

depth and 6-inch diameter, the average of all wells in the data set. 

Because the influence of topography on wel~ sites in the Coastal Plain is 

uncertain, the yields of wells in the Coastal Plain category were adjusted 

by using a regression equation that was computed for the entire data set and 

disregards topographic setting. It is nearly the same as the equation for 

wells on slopes and flats. The hydrogeologic units III (intermediate 

composition igneous intrusives), MBL (marble), and SLT (slate) each had 

fewer than 15 observations with the necessary data (depth, diameter, yield, 

topography) to adjust the yields. Statistics for these hydrogeologic units, 
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Table 7.--Relation of well yields to hydrogeologic unit and topography [Yield data are adjusted to 
account for differences in yield due to differences in well depth and diameter. 

The average well is 6 inches in diameter and 154 feet deep.] 
~ 

Mean yield by topographic 
group Yield of all wells 

Hydrogeologic 
unit 

Draws and Slopes and Hills and First Third Ninth Number 
valleys flats ridges Average quartile Median quartile dec tile of wells 

ARG 26.8 16.3 12.5 14.6 7.0 11.5 17.0 27.0 319 

CPLl/ 21.7 9.1 14.5 21.8 37.2 419 
.p. 
Vl GNF 28.3 16.6 11.5 17.4 6.4 12.3 22.3 35.9 741 

GNM 33.5 19.6 12.3 19.9 6.5 12.5 23.4 40.7 1,129 

IF! 24.8 17.8 12.6 17.7 8. 1 15.8 23.4 34.4 412 

IU~/ 7 

!HI£/ 24.4 12. 1 17.8 4.7 14.0 19.9 44.0 29 

MBL£/ 3 

MIF 27.6 20.5 12.4 19. 1 7.8 14.0 22.5 35.6 791 

Mil 22.1 20.6 13.3 18./1 8.8 16.0 23.3 36.2 284 

• 
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Table 7.--Relation of well yields to hydrogeologic unit and topography [Yield data are adjusted to 
account for differences in yield due to differences in well depth and diameter. 

Hydrogeologic 
unit 

111M 

MVF 

MVU 

PHL 

QTZ~/ 

SCH 

SLT~/ 

TRI 

.. All types 

The average well is 6 inches in diameter and 154 feet deep.]--Continued 

Mean yield by topographic 
group 

Draws and 
valleys 

26.0 

19.0 

27.1 

22.9 

20.6 

43.3 

19.0 

28.7 

Slopes and 
flats 

21.6 

16.6 

15. 1 

17. 1 

17.8 

23.4 

21.5 

16.8 

20.8 

12.2 

19.0 

Hills and 
ridges 

12.5 

11.9 

9.5 

15.5 

7.2 

10.9 

13.6 

11.4 

8.5 

11.8 

Average 

19.7 

16.9 

13.0 

16.8 

11.9 

20.2 

20.3 

18.6 

23.6 

11.6 

18.2 

First 
quartile 

10.2 

7.5 

6.2 

9.2 

4.·6 

8. 1 

9.9 

4.8 

7.8 

4.7 

7.9 

Yield of all wells 

Median 

16.9 

11.8 

11.2 

13.4 

7.9 

14.8 

14.5 

15.2 

15.3 

9.0 

13. 1 

Third 
quartile 

28.9 

16.0 

17.8 

23.6 

17.4 

24.5 

25.4 

29.4 

27.5 

14.5 

22.0 

Ninth 
dec tile 

36.7 

25.0 

25.9 

35.2 

24.6 

41.2 

44.2 

46.5 

43.6 

25.5 

35.5 

Number 
of wells 

85 

95 

280 

43 

63 

141 

127 

65 

199 

2 

269 

5,503 

1/ - Topography of bedrock surface cannot be determined. Influence of topography on well yield in CPL area is unknown. 

~/Statistics for categories having less than 15 observations are not given . 

~. 



therefore, are not given although the yields were included in the summary 

statistics. 

A regression of adjusted yields on hydrogeologic units is shown in 

figure 13. The average yields range from 23.6 gal/min for SCH (schist) to 

11.6 gal/min for TRI (sedimentary rocks of Triassic age). The average 

difference in yield between adjacent hydrogeologic units in the regression 

is only 0.6 gal/min. However, owing to the effect of the large number of 

wells in the analysis, the hydrogeologic unit can be used as a statistically 

reliable estimator (0.99 confidence level) of average well yield. 

Analysis-of-variance tests were also used to determine whether any 

hydrogeologic units were significantly different from other hydrogeologic 

units in terms of yield. Because the average yields of all hydrogeologic 

units are not very different and the range of yields within units is very 

large, only those units toward opposite ends of the distribution are 

statistically different (0.95 confidence level) as indicated by the 

inequalities in figure 13. 

Three groups of hydrogeologic units stand out in figure 13. The 

metavolcanic units form a group at the low end of the graph with only TRI 

(sedimentary rocks of Triassic age) having a lower average yield. Midway in 

the range of yields are the igneous units. At average or slightly above 

average yields are the metaigneous units and QTZ (quartzite). The Piedmont 

crystalline rocks underlying the Coastal Plain have the second highest 

average yield regardless of differences in crystalline rock composition. 

The high yield of these wells . is attributed to the greater saturated 

thickness of overburden, which at an average 47.7 feet is 1.8 times thicker 

than the 26.8-foot average for the rest of the study area based on 2,391 

observations, including wells for which topographic information was not 

available. 

Well Yields by Geologic Belts and Terranes 

Comparison of well yields from the various geologic belts and terranes 

generally reflects the average yield of the predominant hydrogeologic 
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Figure 13.--Average yield of wells of average construction in the hydrogeologic units of the Piedmont 
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unit(s). The yield data used for this comparison also were corrected to an 

average 154-foot depth and 6-inch diameter. A regression analysis of well 

yields in the various belts is shown in figure 14. The average difference 

in yield between belts is 0.9 gal/min. Average yield varies from a low of 

about 11.5 gal/min for the Smith River allocthon (SR) and Triassic basins 

(TR) to a high of about 23 gal/min for the Blue Ridge belt (BR). Analysis 

of variance tests found that the average yield of belts at the upper and 

lower end-s of the data are significantly different. The inequalities 

significant at the 0.95 confidence level are also shown in figure 14. 

The belts with the highest yields, the Blue Ridge (BR), Chauga (CA), 

and Inner Piedmont (IP), are dominated by high rank metasedimentary rocks, 

mafic gneisses, schists, and quartzites, and include smaller areas of 

metaigneous rocks, all of which have above average yields. The Charlotte 

belt (CH), which is characterized by igneous rocks intruded into country 

rocks of metavolcanic and metaigneous origin (Fullagar, 1971), and the 

Carolina slate belt (CS), which is dominated by metavolcanic rocks (Butler 

and Ragland, 1969), both are belts having low average yields. 

The areas containing sedimentary rocks, the Triassic basins (TR) and 

the western edge of the Coastal Plain (CP), are far apart in average yield 

with the Triassic basins having the next-to-lowest yield and the Coastal 

Plain the third highest. 

SUMMARY AND CONCLUSIONS 

A statistical analysis 

drilled in the crystalline 

was made 

rocks of 

of data from more than 6,200 wells 

the Blue Ridge, Piedmont, and the 

western edge of the Coastal Plain where crystalline rocks underlie sediments 

at shallow depths. This analysis was made to identify factors associated 

with high-yield wells. The data were classified according to geologic 

belts, hydrogeologic units composed of similar rock types, topographic 

setting, total and saturated thickness of regolith, water level, casing 

depth, yield, total depth, well diameter, and water use. 
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The statistical analysis supported some concepts and criteria for well­

site selection, such as the siting of a well with regard to topography. 

More importantly, however, the analysis indicates that some previously held 

concepts may be in error. First and foremost is the generally held concept 

that the crystalline rocks yield only small amounts of water to wells. The 

analysis showed that this concept may be due to cultural bias. Most wells 

drilled in these rocks are small diameter, are located primarily on hills 

and ridges--the poorest possible sites for wells--and are drilled only to 

depths where sufficient water for a domestic supply is obtained. In the 

same theme, well diameter has not been considered to have much effect on 

yield--a large-diameter well was considered a storage tank. Statistical 

analysis shows, however, that for a given depth the yield of a well is 

directly proportional to the well diameter. The larger the diameter the 

greater the yield. 

Well construction in crystalline rocks has long been based on the 

concept of a well intersecting near vertical open fractures and joints that 

because of lithostatic pressure, pinch out at depths of about 300 feet. As 

a result, the drilling of many wells has been arbitrarily stopped when the 

depth of 300 feet was reached. The average well, whether domestic or 

commercial-industrial, is not even that deep. The analysis indicates that 

very few wells have been drilled deep enough to test the full potential of 

the sites. For example, the average yield of 6-inch diameter wells located 

in draws or valleys reaches a maximum of about 45 gal/min at depths of 500 

to 525 feet; the average yield of 12-inch diameter wells located in draws or 

valleys reaches a maximum of about 150 gal/min at depths of 700 to 800 feet. 

Whatever the hydrogeologic unit or topographic location, the chances of 

obtaining high yields are enhanced by increasing the depth and diameter of 

the well to a much greater extent than previously thought. 

so 
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Six 

yields: 

on hills 

wells in 

Regolith 

saturated 

greatest 

geologic 

topographic settings were combined into three groups based on well 

hills and ridges, slopes and flats, and draws and valleys. Wells 

and ridges had the lowest yields (averaging about 10 gal/min), 

draws and valleys, the greatest (averaging about 30 gal/min). 

thickness was about the same regardless of topographic group, but 

thickness was least (about 19 feet) under hills and ridges and 

(about 34 feet) under draws and valleys. Average yields in the 

belts and hydrogeologic units ranged from about 11 to 25 gal/min. 

There was considerable scatter in yields in all geologic belts and 

hydrogeologic units. Of 14 geologic belts, 10 were statistically different 

on the basis of well yield, as were 9 of 21 hydrogeologic units. 

About 70 percent of the wells were drilled for domestic use and, on the 

average, yielded about 11 gal/min; 80 percent of these wells were located on 

hills and ridges. The 30 percent of the wells drilled for public supply and 

commercial-industrial supply yielded about 30 gal/min on the average; about 

50 percent of these wells were located in draws and valleys. The domestic 

wells had an average depth of about 125 feet, the public-supply and 

commercial-industrial wells about 225 feet. Fewer than 2 percent of the 

domestic wells were 8 inches in diameter or larger, whereas nearly 25 

percent of the public-supply and commercial-industrial wells were 8 inches 

or larger. 

Selecting the most favorable hydrogeologic unit or geologic belt alone 

can improve the chance of increasing the yield of the average 6-inch 

diameter, 154-foot deep well from about 11 to 12 gal/min to about 23 to 24 

gal/min, about a two-fold increase. Considering topography alone, the 

average well on hills and ridges can be expected to average less than 12 

gal/min, whereas wells in draws and valleys can be expected to average about 

29 gal/min, an increase of 2.4 times. When the factors of hydrogeologic 

unit or geologic belt are considered in combination with topographic 

setting, the range in yields is even greater. Wells in draws and valleys in 

the most productive units average five times more yield than wells on hills 

and ridges in the least productive units. 

49 

• 



·.?-'!· __ , · .. ~3f'+ -:- -

Bain, G.L., 1966, Geology 
North Carolina: North 
Water Bulletin 7, 147 p. 

REFERENCES 

and ground-water resources of the Durham area, 
Carolina Department of Water Resources Ground-

Brown, P.M., and Parker, J .M., III, compilers, 1985, Geologic map of North 
Carolina: North Carolina Department of Natural Resources and Community 
Development, 1 sheet, scale 1:500,000. 

Burt, E.R., 1981, Geologic map of Region H, North Carolina: North Carolina 
Geological Survey, Open-File Map no. NCGS 81-4, scale 1:125,000. 

Butler, J.R., and Ragland, P.C., 1969, A petrochemical survey of plutonic 
intrusions in the Piedmont, southeastern Appalachians, U.S.A.: 
Contributions to Mineralogy and Petrology, v. 24, p. 164-190. 

Carpenter, P.A., III, 1982, 
Regional Geology Series 
Resources and Community 
1:125,000. 

Geologic Map of Region G, North Carolina, 
2: North Carolina Department of Natural 
Development, Geological Survey Section, scale 

Cedarstrom, D.J., 1972, Evaluation of yields of wells in consolidated rocks, 
Virginia to Maine: U.S. Geological Survey Water-Supply Paper 2021, 38 
p .. 

Conrad, S.G., Carpenter, P.A., III, and Wilson, W.F., 1975, Physiography, 
geology and mineral resources, in Clay, J.W., Orr, D.M., and Stuart, 
A.W., eds., North Carolina atlas, portrait of a changing southern state: 
Chapel Hill, North Carolina, University of North Carolina Press, p. 112-
127. 

Cressler, C.W., Thurmond, C.J., and Hester, W.G., 1983, Ground water in the 
Greater · Atlanta Region: Georgia Department of Natural Resources 
Environmental Protection Division, Georgia Geologic Survey Information 
Circular 63, 144 p. 

Daniel, C.C., III, and Sharpless, ,N.B., 1983, Ground-water supply potential 
and procedures for well-site selection in the upper Cape Fear River 
basin, North Carolina: North Carolina Department of Natural Resources 
and Community Development, 73 p. 

Dodson, 
the 
Air 

C.L., and Laney, R.L., 1968, Geology and ground-water resources of 
Murphy area, North Carolina: North Carolina Department of Water and 
Resources Ground~Water Bulletin 13, 113 p. 

Eder, B.K., Davis, J.M., and Robinson, P.J., 1983, Variations in monthly 
precipitation over North Carolina: University of North Carolina Water 
Resources Research Institute Report no. 185, 50 p. 

51 

' 



Espenshade, G.H., Rankin, D.W., Shaw, K.W., and Neuman, R.B., 1975, Geologic 
map of the east half of the Winston-Salem Quadrangle, North Carolina­
Virginia: U.S. Geological Survey, Miscellaneous Investigations Series, 
Geologic Quadrangle Map I~709~B, scale 1:250,000. 

Fenneman, N.M., 1938, Physiography of Eastern United States: New York, 
McGraw~Hill, 714 p. 

Floyd, E.O., 1965, Geology and ground~water resources of the Monroe area, 
North Carolina: North Carolina Department of Water Resources Ground­
Water Bulletin 5, 109 p. 

Fullagar, P.O., 1971, Age and or~g~n of plutonic intrusions in the Piedmont 
of the southeastern Appalachians: Geological Society of America 
Bulletin, v. 82, p. 2845~2862. 

Goldsmith, Richard, Milton, D.J., ·and Horton, J.W6 , Jr6 , 1982, Simplified 
preliminary geologic map of the Charlotte 1 x 2 quadrangle, North 
Carolina and South Carolina: U.S. Geological Survey, Open-File Report 
82~56, scale 1:250,000. 

Hadley, J.B., and Nelson, A.E., 1971, Geologic map of the Knoxville 
Quadrangle, North Carolina, Tennessee, and South Carolina: U.S. 
Geological Survey, Geologic Quadrangle Map I-654, scale 1:250,000. 

Heath, M.S., and Coffield, H.I., III, 1970, Cases and materials ·on ground 
water law~-with particular reference to the law of North Carolina: 
Chapel Hill, North Carolina, University of North Carolina Institute of 
Government, 72 p. 

Heath, R.C., 1980, Basic elements of ground-water hydrology with reference 
to conditions in North Carolina: U.S. Geological Survey Water-Resources 
Investigations Open-File Report 80-44, 86 p. 

LeGrand, H.E., 1954, Geology and ground water in the Statesville area, North 
Carolina: North Carolina Department of Conservation and Development 
Bulletin.68, 68 p. 

-·---1967, Ground water 
southeastern states: 

of the Piedmont and Blue Ridge provinces in the 
U.S. Geological'Survey Circular 538, 11 p. 

LeGrand, H.E., and Mundorff, M.J., 1952, Geology and ground water in the 
Charlotte area, North Carolina: North Carolina Department of 
Conservation and Development Bulletin 63, 88 p. 

Marsh, O.T., and Laney, R.L., 1966, Reconnaissance of the ground-water 
resources in the Waynesville area, North Carolina: North Carolina 
Department of Water Resources Ground-Water Bulletin 8, 131 p. 

May, V.J., and Thomas, J.D., 1968, Geology and ground-water resources in the 
Raleigh area, North Carolina: North Carolina Department of Water and 
Air Resources Ground-Water Bulletin 15, 135 p. 

52 
• 



- ... :.. 

McDaniel, R.D., 1980, Geologic map of Region K, North Carolina: 
Carolina Geological Survey, Open-File Map No. NCGS 80-2, 
1:125,000. 

North 
scale 

Mundorff, 
North 
76 p. 

M.J., 1946, Ground water in the Halifax area, North Carolina: 
Carolina Department of Conservation and Development Bulletin 51, 

-----1948, 
North 
108 p. 

Geology and ground water in the Greensboro area, North Carolina: 
Carolina Department of Conservation and Development Bulletin 55, 

Peace, R.R., Jr., and Link, D.R., 1971, Geology and ground-water resources 
of northwestern North Carolina: North Carolina Department of Yater and 
Air Resources Ground-Water Bulletin 19, 135 p. 

Pusey, R.D., 1960, 
Carolina: North 
Bulletin 2, 77 p. 

Geology and ground water in the Goldsboro area, North 
Carolina Department of Yater Resources Ground-Water 

Ragland, P.C., Hatcher, R.D., Jr., and Whittington, David, 1983, Juxtaposed 
Mesozoic diabase dike sets from the Carolinas: A preliminary 
assessment: Geology, July 1983, vol. 11, p. 394-399. 

Rankin, D.Y., Espenshade, G.H., and Neuman, R.B., 1972, Geologic map of the 
west half of the Winston-Salem Quadrangle, North Carolina, Virginia, and 
Tennessee: U.S. Geological Survey, Miscellaneous Geologic 
Investigations Series, Geologic Quadrangle Map I-709-A, scale 1:125,000. 

Reinemund, J.A., 1955, Geology of the Deep River coal field, North Carolina: 
U.S. Geological Survey Professional Paper No. 246, 159 p. 

SAS Institute Inc., 1982a, SAS user's guide: basics, 1982 edition: Cary, 
North Carolina, SAS Institute, Inc., 923 p. 

-----1982b, SAS user's guide: statistics, 1982 edition: Cary, North 
Carolina, SAS Institute, Inc., 584 p. 

Schipf, R.G., 1961, Geology and ground-water resources of the Fayetteville 
area: North Carolina Department of Yater Resources Ground-Water 
Bulletin 3, 99 p. 

Seiders, V.M., 1981, Geologic map of the Asheboro, North Carolina, and 
adjacent areas: U.S. Geological Survey, Miscellaneous Investigations 
Map I-1314, scale 1:62,500. 

Snipes, D.S., Padgett, G.S., Hughes, Y.S., and Springston, G.E., 1983, 
Ground-water quantity and quality in fracture zones in Abbeville County, 
South Carolina: Clemson, South Carolina, Clemson University Yater 
Resources Research Institute Technical Report No. 102, 54 p. 

Steel, R.G.D., and Torrie, 
statistics,. with special 
York, McGraw-Hill, 481 p. 

J.H., 1960, Principles and procedures of 
reference to the biological sciences: New 

53 

• 



Stromquist, A.A., Choquette, P.W., and Sundelius, H.W., 1971, Geologic map 
of the Denton Quadrangle, central North Carolina: U.S. Geological 
Survey, Geol. Quad. Map GQ-872, scale 1:62,500. 

Stromquist, A.A., and Sundelius, H.W., 1975, Interpretive geologic map of 
the bedrock showing radioactivity, and aeromagnetic map of the 
Salisbury, Southmont, Rockwell, and Gold Hill Quadrangles, Rowan and 
Davidson Counties, North Carolina: U.S. Geological Survey, 
Miscellaneous Investigations Series, Map I-888 (sheet 1 of 2), scale 
1:48,000. 

Stuckey, J.L., 1958, Geologic map of North Carolina: Raleigh, North 
Carolina, North Carolina Department of Conservation and Development, 
Division of Mineral Resources, scale 1:500,000. 

Sumsion, C.T., and Laney, R.L., 1967, Geology and ground-water resources of 
the Morganton area, North Carolina Department of Water Resources Ground­
Water Bulletin 12, 119 p. 

Trapp, Henry, Jr., 1970, Geology and ground-water resources of the Asheville 
area, North Carolina: North Carolina Department of Water and Air 
Resources Ground-Water Bulletin 16, 127 p. 

Weigand, P.W., and Ragland, P.C., 1970, Geochemistry of Mesozoic dolerite 
dikes from eastern North America: Contributions to Mineralogy and 
Petrology, v. 29, p. 195-214. 

Wilson, W.F., 1979, Geology of Wilson County, North Carolina: North 
Carolina Department of Natural Resources and Community Development, 
Division of Land Resources, Geological Survey Section, Open-File Map 
NCGS 79-2, scale 1:125,000. 

-~---1981, Geology of Halifax County, North Carolina: North Carolina 
Geological Survey, Open-File Map NCGS 81-3, scale 1:125,000. 

Wilson, W. F., Carpente:c, P .A., III, and Parker, J .M., III, 1981, Geologic 
map of Region J, North Carolina, in A guide for North Carolina mineral 
resource development and land use planning, Regional Geology Series 1, 
North Carolina Department of Natural Resources and Community 
Development, Geological Survey Section, scale 1:125,000. 

Wilson, W.F., and Spence, W.H., 1979·, Geology of Nash County, North 
Carolina: North Carolina Department of Natural Resources and Community' 
Development, Division of Land Resources, Geological Survey Section, 
Open-File Map NCGS 79-3, scale 1:125,000. 

54 
• 

-trU.S. GOVERNMENT PRINTING OFFICE 1987-748-188/40040 



SCAJvl93 

' 
ter·Plan SCWRC Report No. 140 

South Carolina 
State Water Assessment 

' 



AQUIFER SYSTEMS 

D Undifferentiated belts of 
the Blye Ridge and Piedmont 

- Middendorf Aquifer System 

liJ Black Creek Aquifer System 

D T-ertiary Limestone Aquifer System 

EJ Tertiary Sand and Middendorf 
Aquifer Systems 

RANGES OF REPORTED WELL YIELDS 

Blue Ridge and Piedmont 

Rangf of well depths (ttl 

Number~~ wells __ , 00~ lnventorted 1-300 

RangL of well yields (gpm) 

Coastal Plain 

0 Less tnan 250 gpm 

CB 250-1000 gpm 

j 
N 
I 

M.Uea 

10 o 1e.oao.otoeo10 

~Kilometen 

!::J Greater than 1000 gpm Figure 19. 
Distribution of the most widely used aquifer systems in the Coastal 
Plain. and possible well yields in the Piedmont and Coastal Plain 
provinces. 

or near the surface in Marlboro, Chesterfield, Darlington, 
Kershaw, Lee, western_ Sumter, Richland, northern Cal­
houn, Lexington, and Aiken Counties. 

In Sumter and Florence Counties the thickness of the 
Middendorf Aquifer System ranges from less than 250 feet 
to more than 600 feet and its surface occurs at an elevation 
of 50 feet above mean sea level in the Town of Rembert and 
670 feet below mean sea level at the Town of Johnsonville. 
Water level~ in wells tapping the Middendorf Aquifer are 
near or above land surface ir. most area~ of these tv..-o 
counties. Locally, water levels decline in the summer 
months due to heavier pumpage. Public supply well~ in 
Sumter range in depth from 550 to 670 feet deep and yield 
from 500 to more than 2.000 gpm. The specific capacities 
range from II to 30 gpm/ft. East of Sumter. the transmis­
sivity decreases and yields of the well~ are less than 1.000 
gpm with specific capacities of Jess than 15 gpm!ft. In 

Florence County, the confining beds comprise a greater 
percentage of the aquifer system than in Sumter County, 
thus the transmissivity of the aquifer decreases from 6.200 
ft2/day at Sumter to 950 ft2/day at Florence. 

In the northern part of Horry County, the top of the 
Middendorf Aquifer System lies at a depth of 600 feet 
below land surface and the aquifer has a thickness of about 
200 feet. It dips south and southeast to a depth of 1.200 feet 
and has a thickness of about I ,000 feet in the southern part 
of Georgetown County. In Beaufort, Colleton. Hampton, 
and Jasper Counties, only a few wells and test holes have 
penetrated below the Tertiary Limestone Aquifer System 
and the thickness. lithology, and hydrologic properties o' 
the Middendorf Aquifer System are not well known. n 
top of the aquifer occurs at an elevation of about I .I 00 feet 
below mean sea level near the City of Hampton and about 
2.600 feet below mean sea level in the Beaufon area. In 
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